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aspect for many industries including the ofl and gas I ndust
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ar %Bften far fromthe source of the bulk material
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scheme. The invention is also directed to an apparatus for determining an optimized set of

transportation decisions. More particularly, the invention is directed to determining an optimal
solution to maximize total net margin for a cargo loading and delivery program by determining a
set of voyages for transporting cargo comprising one or more bulk materials and assigning
vehicles in an available fleet to perform the voyages during a given planning period.

[06] 1.3 Description of Related Art

[07] Marine transportation is an important aspect for many industries including the oil and gas
industry. Marine transportation is an economically attractive means to vessel bulk material (e.g.,
bulk liquids such as crude oil) over long distances. Accordingly, large volumes of bulk material
are moved daily across the oceans and secas by a variety of vessels between source and
destination locations. Destination ports (e.g., refinery sites) may be geographically spread
around the world and are often far from the source of the bulk material (e.g., crude oil) needed.
Because distances are large, transportation costs are significant. For example, in 2008 one major

company’s marine activities included over 30,000 voyages totaling nearly $5 billion in freight
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011] One publication of note is Scheduling Ccean Transportation of Crude
O 091 ManagentaygoRouter® is a tool recently developed by the Norwegian Marine Technology

Research Institute, MARINTEK Logistics, and it performs vessel routing and scheduling
calculations. However, the tool is based on a heuristic approach rather than an optimization

approach. In addition, the purpose of the tool is to allow a commercial shipping company, as



Science, GG Browmn, GW Gaves, D Ronen, 33(3): 335-346 (1987) (the
entirety of which is incorporated herein by reference). This paper
~addresses a crude oil marine transportation problem However, the nodeling
probl em descri bed ther ein includes the follow ng

assunpt i oné’v%?WH #¥cat i ons: (1) each cargo (i.e., cr udBCEPP2OIU3BHO0 s i pped)
noves between a single |oading port and a single di scharging port; (2) the
cargo shi pped nust always be a full ship load (i.e., the cargo nust be of a
fixed size); and (3) each vessel is the sane size. In addition, the
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' r[“ﬁﬂt 10N None of the work above provides a marine transportation scheme that represents the
general vessel routing, scheduling, and assignment business problem characteristics and/or
constraints. For example, in a typical vessel scheduling problem, each voyage consists of

multiple loading ports and multiple discharging ports, the cargos lifted may vary in weight



_318]FIG 1 depicts an exenplary representation of the interaction between
a user and a nodeling application with its various interfaces and
cal cul ation engines in one enbodi ment of this invention. [19] FIG 2 is a

representation of a portion of the functionality of an '
accordancem%q]lg/kzé’?llgai n enbodi ments of the present invefn[Hf@#.%i(F{%@%OQFl G 3
Is a representation of the steps associated wth a nethod for noving cargo
according to a set of optimzed transportation decisions in accordance with

certain enbodi ments of the present invention. [21] The detailed draw ngs
are promdi@dvolwone,tahé tipuvepades/aifble kd psforatthonoyapt yay Vagy jpar tuincher af wdgd a set

AR NCATRTIN TR AR i S TN
repyiagent at i mathse e bf 1g WRHO B BproAeied b lanigk YrandpbRatlc@SkbdramdRt oyedallher e
fromare simlarly hypothetical but representative. [ 221 3. 0. SUWARY OF THE
| NVENT| RKimizes the total net margin for a transportation scheme as opposed 1o merely minimizing

cost. A cost minimization approach alone may not always provide the most adequate results, as

it does not correctly represent the economic impact of vessel assignment decisions, does not

properly reflect the trade-offs between the use of term and spot vessels, and does not value long

and short voyages on a consistent basis.

[015] Accordingly, as set forth below, a novel method has been developed for determining
optimal transportation routing, cargo allocation, scheduling, and assignment decisions and
moving a vehicle fleet in accordance with those decisions. The method determines the optimal
solution to maximize total net margin for a cargo loading and delivery program by determining a
set of voyages for transporting cargo comprising one or more bulk materials and assigning
vehicles in an available fleet to perform the voyages while reflecting common scheduling
problem characteristics and constraints. Such an optimization method has implications beyond
just the marine shipping industry and is equally applicable to land (e.g., the trucking industry)
and air transportation as well.

[016] 2.0 BRIEF DESCRIPTION OF THE DRAWINGS

[017] The present invention will become more fully understood from the detailed description

given below and the accompanying drawings, which are given by way of illustration only. Thus,
these drawings are not limitative of the present invention.

.018] FIG. 1 depicts an exemplary representation of the interaction between a user and a
modeling application with its various interfaces and calculation engines in one embodiment of
this invention.

[019] FIG. 2 is a representation of a portion of the functionality of an apparatus in accordance
with certain embodiments of the present invention.

[020] FIG. 3 is a representation of the steps associated with a method for moving cargo
according to a set of optimized transportation decisions in accordance with certain embodiments
of the present invention. |

[021] The detailed drawings are provided for the purposes of illustration only. The particular

data set forth in the various illustrative spreadsheets is hypothetical but representative data for a



[23] This invention provides a nethod for optimzing various deci sions
associated with a transportation schedule for a plurality of transportation
vehi cl es transporting cargo to and from various |ocations and noving the
plurality of transportation vehicles according to the opfjm.z eci si ons.
More parti &Wéﬂrlf’/%%l[%e deci sions include the transporta%m%%piﬂqsg@ (i.e.,
voyages), the timng and order in which the transportation routes are
performed, and the ships assigned to perform each route according to the
schedul e and the type and anobunt of cargo pickup and delivery within set
par anet aymthetinaldpp apedsergatb@palddelind prodleforAdenglitghy, shcopsultyideatddothemetorod i S
al so provi deigq'{l Al t htgugh he nmethod is particularly beneficial in the marine
t r ans poPEAMGHYBP R L eSHeNy be applied to any known transportation
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transportation solution.” [25] The method determ nes the optimal routes to
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suppl y/ i: a4 i ng ) | i nthe
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a user through a graphical user interface (GJ) or spreadsheet for exanple.
[26] Thehigkshendeq © b Easpisied, ranspetasioniipfarneationopd ofbgr usedefineshcanstrafatii mi ze
t ot al AL g ro.t i i : per for med
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vehicles will transport cargo fromone or nore supply locations (e.g.,

| oadi ng ports) to one or nore demand | ocations (e.g., discharging ports).

I n one enbodi nent, each vehicle may differ in size, shape, capacity, cost,
and charter type (e.g., termvessels versus spot vessels). [27] The net hod
considers a nunber of input paraneters in determning the feasible options
and the optimal transportation routing, schedule, and vehicle/voyage

assi gnnents to produce the highest total predicted net margin (or,
alternatively, to produce the lowest total incurred cost). Typica

deci sions that can be considered include, but are not limted to, the
followng: (1) the supply and (2) demand | ocations (e.g., ports), which can
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[28] The nethod can be executed multiple times to explore sensitivities in
| nput data, assunptions, and assignnent constraints. For exanple, a user
can force the nodel to assign a given vehicle to a given voyage and

re-optimz he hjcle schedul e using the forced assig Thi.s..can be
advantageoS@é%%m%éﬁ esent decisions already nmade or to gﬁ@ﬁy%%WF%éminpact

of forcing a vehicle assignnent. [29] The application runs fast enough to
eval uate opportunities in a dynam c business environnent and to support
what-if scenarios. In one enbodi ment, the application perfornms the
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uni npeded 3 dual.- cor.e. personal _co .er. [30] 4.0 DETAI LED DESCRI PTI ON
[ 31] 4.T§@Fﬁ%%??§%gwoféﬁf£ F?n%B?%§m¥§H%ﬂ$s specification are intended to
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imt the m ' A

o 1y, whrid b oSO o B sEUERL Yer@IEASEA0L O] SoPBeDTh Baiich, e mEplEe
demand heg akiconingefpr eget grompife ofj cargpet tack elgmenrhtocaton, tHe3Byent@y|kofitataed i al "
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i ncl udebglRahategdladango)ankh petaiokabodipeaduthe Sdeterminations above are made using a
computer application and displayed to a user through a graphical user interface (GUI) or
spreadsheet for example.

[026] The method is also able to determine the optimal solution to maximize total net margin
for the determination of a set of voyages to be performed and the assignment of vehicles in an
available fleet to perform the voyages. Alternatively, the optimal solution may be determined
based on a minimization of incurred costs. Each voyage in the set of voyages is initiated during
a planning period and outlines precisely how the various vehicles will transport cargo from one
or more supply locations (e.g., loading ports) to one or more demand locations (e.g., discharging
ports). In one embodiment, each vehicle may differ in size, shape, capacity, cost, and charter
type (e.g., term vessels versus spot vessels).

[027] The method considers a number of input parameters in determining the feasible options
and the optimal transportation routing, schedule, and vehicle/voyage assignments to produce the
highest total predicted net margin (or, alternatively, to produce the lowest total incurred cost).
Typical decisions that can be considered include, but are not limited to, the following: (1) the
supply and (2) demand locations (e.g., ports), which can have different physical limitations (e.g.,
maximum draft, maximum vessel length and width, etc.), costs (e.g., port fees), physical
locations, ratability requirements, pickup/delivery timing windows (e.g., lifting laycan),
processing/consumption rates of cargo, cargo type requirements/availability (e.g., crude oil grade
and/or blend-down ratio restrictions), and minimum/maximum inventory restrictions; (3) the
specific characteristics of each vehicle in an available fleet—such as draft, laden/ballast speeds,

fuel consumption rate, vehicle locations, cargo capacity, and other parameters—that determine



WO 2010/ 129419PCT/ US2010/ 033200 [ 36] "Cargo" neans any product or materi al
being transported by a vehicle. In a preferred enbodi nent, the cargo is
bul Kk material such as crude oil. [37] "Code" enbraces both source code and
obj ect cod%ogﬁ@]m Cg‘orrpul sory Stock bligation (CSO ™ ty@,hﬁgowosgﬁfoers to a
| aw requiring”a &8 n i ni mum vol ume of cargo (and/or” equiva

products) to be maintained within a designated geographic region. For
exanpl e, Legal Obligatory Volune (LOV) is a CSO for Japan that is

cal cul ated based on the total volune of bulk material on-shore or within
the ter mihtthei abchivd emsnat thiapasiaininofthaswgumdidegatd oratiosg i tht seyage; (4)

obllgatlon xi st .for other.trans nts . lL.and, or
air shi §%¥%§%pwégcﬁ§8 ﬁeﬁgﬁﬁﬁuﬁgaf%OdF%% ODﬁc ‘?pgﬁeég%'%éPgﬁghs
proc essesnsm[ea%r otla)errpﬂagerhes; aatndqe) Vﬂiﬁﬁi@stra@spﬂrﬁﬁ@ﬂ \p&@emeé r Q0B ra@rthedlscaanb@o i's
recelveg "Di schar g v g " "(@ﬁEIViﬂ% e tination” tions
or sit eSCPEERIATRYS &9? @, %lvraéatu epfispec! comiery §b|¢9n ErEleh mpy fve-%spge rge
progr anbick e essitkssihd @b REN QolfsOMatlkaehand Guacdsil tPl%fereﬁ:ﬂy,eall bidlem
dellverlng of cargo to denmand focatlons) and i ncl udes a sequence of

vehi cl esharagéarighes 18@0 ARpUH fﬁ@ramateésa rathgs apareeiahlgtatispicon ney prargn of icyged cost
dlscharg% g&%ﬁg&iof cargo, and discharge dates for a nunber of discharge
activities planned for a given period (e.g., one nonth). In certain

ent@8i ment s, Thadingthedr g e skeowdd mutipleartlalesetgr@@mrt onssitfitigsuink inmt eilaidal at
each demand | ocat | PICk" ar| &0

mari ne ?*um‘ﬁm?té@”gﬁg%%%t(@a#ﬁgﬁsog %“”%F%%en %%3%% |6%m0%%4 a$1 c ass

mari ne yiesselchick. ¢ a ghmpSmsughaﬂ$rvepmmhar@e‘ﬁmuﬂesdﬁﬂnkenﬁnth£ﬁﬁ¢ai

cannot travel qQu ai n canal s-e. he nal, - whi | e | aden
ot h cat SRy B S CRrCRTIESP B IR SRR Dt g odn L AP et or o
enter|ngmhb@ﬁqaﬂ@%ggmgwkﬂgggﬁmaﬁSukhna in the Red Sea-such that a shlp may
pass through the canal. Once havi ng passed through the canal, the ship

| 0B8] & quanther grrdicaqna Funsofaslo eGHEH ot PAlaty IQEPOJ%’E‘UWP‘ igi & yargiedbusinesthe
drop poéﬂ%rom‘ﬁ@nt%ﬂ@'tcpg%?% RAQCESSerdRYs. SHioAE eAbo@hiAR! ttfeaa%héatllﬂﬁ ggrf&ﬁ{s the
maritime shi pping her transportation points for

D&P, ascadnswéqﬂlohefomartyplm prablerh goaf@mtwrﬁésrsmttwergema@ ah @g @U@md@tk@ﬁe slual{ 42]
"Externé%ir § yann ans the ability to represent and include the inventory
effect 0O arg S ?e g., at a demand | ocation) that have not been

i n3oded0i n DREANCEDIDESCRIRFI&N This approach may be used to represent
regi,onal . or |l cargo supplies but is not limted solely to such use. WO
ZOgﬁfngh ﬁé%ﬁ%§¥§10/033200 [43] "Fleet" neans a grouping of two or nore
vefosg] es. A Al %tdsnﬂyhlb@pebmgﬁmamtéﬂde@m e tiRdinbrogiesdoyivaitiona ehdaging. t ype)

or hetero eneous . containing two or nore different vehicle types).
For urther clari the conventional meaning of some terms used in this specification 1s s€t forth

below.

.033] “Allocation” means assigning available cargo to various demand locations in order to
meet destination requirements on the basis of some preference (e.g., economic), while satisfying
existing constraints and limitations.

[034] “Blend-down Ratio” represents a set of constraints which limit the mix (or blend) of
supply grades of bulk material (e.g., crude oil), which when delivered on a single vehicle would
be acceptable for a demand location segregation (e.g., port segregation).

[035] "Bulk material” means any material that is unbound and substantially fluid as loaded; in
other words, it is in a loose unpackaged form. Examples of bulk material include coal, grain, and

petroleum products.



[44] "Grade Swap" entails delivering a substitute grade of crude oil rather
than the requested grade to neet a requirenent for sone segregation at a
demand | ocation (e.g., a demand port). It would be expected that the

subst ati on ore a di fferent volume or wei ght tha
wg@%’oh fi%’]'h g PeRi R A5 10Y

required an e revenue or value for the substituted crude gr ade may
be adjusted accordingly by sonme penalty or incentive. [45] "Loadi ng

program' represents the schedule for | oading activities (i.e. the |oading
of cargo at supply | ocations) and includes a sequence of vehicles uppl y
| of®¥6i ons, cHrayeo’t mpans anp poduol emmmatofialcingotrangpartcd dace vehide. flpa meﬁqnncger of

| 0adi ngoARLdNLY 2 oRLANIHL L0kuR JIVRN-REFCD, (.0, one ronth) . [46] et

mar gi n' hbnlnatlon pr ogr ant
reﬁne$ents FK&Msthﬁmu&sbbmmommpnhkumgoQ&Mgmdto t he various transportation

' for, del t ti t
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one non I A
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to belimting In sense of requiring the present invention to find the
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avai | abl'e possi hrent's of optl zatlon routnes,
nethodsmnmndﬂls and processes nay wor k towards such a goal w thout ever
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or mor eNEEarEShY BT sel ecti ng at | east a portion of at |east one
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or a solution that” offers a specif benefit within a range of constraints;
or cont%fragedol tp dpmpmcblprsﬁgansbandrlmlwﬁsweq@mcg é%Y%lml%gdedOWﬁghs gicharzor a

i t
v 2010113 T8 R CELIE) (BRI B gl e RaBE Aol Ypor et ©
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o e iSBoR oot et ol wduiah i ol ok ARHRIBIEY Dot od Gai 1y
av@aage vol umeof fl Piak Birisedinghidichitayt aflemeaifinddidnkpdratien aﬁ:lh):attm cé‘alﬁzhprelaylt in
the period., In practlce a coarser definition of ratabl féé;; t
rgo to

pr ef er rBYENHSHFFTRE ¢33 ARaTEe ABISFISxTer it SN SBFHLASGEhT Ege C&f tcﬁ l%
be | oadgdndUurdvBOieAGh QHaht@hal@f ethant Qagh tgnderit®d. fully laden with cargo. A

Drop and Pick (D&P) consists of unloading enough cargo before entering the canal—e.g., at Ain
Sukhna in the Red Sea—such that a ship may pass through the canal. Once having passed
through the canal, the ship loads a quantity similar to (or more than) the amount discharged at the
drop point. An analogous process may exist at other canals used for maritime shipping or other
transportation points for land or air shipping. D&P, as used herein, would also encompass these
analogous processes.

[042] “External Supply” means the ability to represent and include the inventory effect of
discharges (e.g., at a demand location) that have not been included in the loading program. This
approach may be used to represent regional or local cargo supplies but is not limited solely to

such use.



[ 50] "Repackagi ng” refers to the process of unloading all or a portion of
cargo into a transshi pnent location (e.g., the SUMED pipeline at Ain
Sukhna) where the cargo can be rel oaded onto the sane vehicle, or onto a

di fferent I epackagi ng occurs when a configurat| . ol une or
type) of c&%gﬁ*}/‘izg?g oaded onto a vehicle in a confi gurg{?ﬂgéﬁ)ﬁ?#’@ﬁent from
the configuration unloaded fromthe vehicle. A non-limting exanple of
repackagi ng in the context of marine transportation is as follows. Ship 1,
carrying only crude oil gradeA, and Ship2, carrying only crude oil gradeB,
bof{®¥3dli schar dea” pratd @rgraphinghei tvocargas vehicksn ASilkétnaay bbaymbp@ioup &S

t hr ough th Suez, Canal Iggd sel ad cargﬁs.at Stl di. Kerir sucg. %ha% qioth

shi ps nSWEATEYIHAR VEMGEeRS) P iFHORAARA" §roqRBBmEAVoLE B105° difisripf ¥ehide 55
fol | owstyp&k)i p3 is carrying crude oil gradeC and ship4 is carrying cure oil
gradeD. Both ships discharge (fully) at Ain Sukhna. Ship5 reloads part of

t n&04hr go f r dFRehP AP asipijsdletivgmeehubetintg grade Sfncidp gi rafherdne thrapquestedni pe
i's carr ¥ ngtFhida r@d[dir_eﬁ{eﬁ%lfsorﬁé‘é%g%gﬁ@&ﬁe&Q%niaﬁ'@lofé_@t'icgp(e@, P cthanl ﬁ%&@)@‘-lt Shi p7
and Ship8 (smaller ships) reload the cargo fromship6 at Sidi Kerir'.

Anal ogowsulgriscapesie thaithesibstatign megyiyequiteradisfstenprdwme job tvaighb hen sigmalinr

mari {1 TRl PRAD AT 12t RO b ANSAAL B! kAN ARLALS bl | By Bl 2GR O
Repackagi'ng, as used herein, wou al so enconpass these ana ggous

pr ocessasordiiglsbpsorespaltsordnemtinet from a drop and pick (see above) in the

fo i Ng wWay. en_the sane vehicle |oads . .th ame car.go,.that wa
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ifferent fromthose discharg rom t vehicl e are | oaded onto the
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may exigly ahe@ida@l). pi pelines, canals, or other transshipment |ocations used

for maritine_shi ppi_n?‘ or at other special transportation |ocations for

ot H¥p] shi ppi At MaeRIs s revsnuq \ius MREGed ¢ashent " means a speci fication of one

or e type : 0 1 d i td.ti
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period) to specific 2010/ 129419PCT/ US2010/ 0 00.segreqgation at a
e 1585 EABR. i A, 1ok TR T SHER e Rae FE AR o Pl ons,
or ( norleadipgedtivitkalidria gingh gerield & @bdne)mdmolf). a particul ar segregation at a
depapd | ocatjon. [52] ."'Spot ,vessels! are vessels. typically chartered for
RO R R R S R T R AR SR

enbr ac eandither €5:5Rl of Wbk @A ArillinpORiEally @6 1Med v dPdddl ghdbes 4s0Rkd "HouRm ave

| ocati on” nmeans a place where car?o i s obtained for transportation.

" Loadi ritptintensige i Be Mmiding im the jsepisp of requizing despreseniiny@ion &y nd e bpy selgtionyr e
used i geahl el n " Al for
2ot puray e AR Y ARG Datthonth o ol EROnAERBEb A FEE 3R T BPhESL A
vessel "the &pstalfsdl mathemeticalinyavaibbepospibilitics i milbeerld embodiments af aptiafration y
(e.qg., ful rtially ssel t ter hatters,
etc.). rfgﬁ%"ﬁétgﬁ%paot% 5]tsi %nnmé}gﬁeesgreg"rﬁa e%?%(stg n %18 Eg@e?%&[le‘%a{oggg‘%%Iaf’;tu%Fyan for
t r ans paichienigg parfemiohr Gracomegty, on®bLoslitapt skill dcaikiagrisving endit@f thmgresede mand
| ocati ops, The ﬁheme.i nclllud s i nformation su h Zhs tim n%alof .pi ckup and

dr op- of S%‘%S“*E?a}”a SDRYRRARI (0 RESE Y So i Hgr BTEH Ob &N PeRBH ™ dF PISEY- of f
t he usee@érals PEGitainsicaRBERABE Fbiky foAeRlk bQBISLE of solui@R .8, riag thder Suez
canal ), and the assignnment of vehicles to specific pickup and drop-off
tasks. TCSTE sgBHPISOTd SreCRB YRSt RIPEHN Wit ileast copiution: eviiHeway aadedtaer

L1 anspOLHOBIARA! # pRASdIS0RTbHE Holin ARl bRl o{hBARPALLAL | ARinSLAREE-

[56] "Type,"” 1 n the tontext of type of cargo, defines the nature or
conposiof icostreints; hecadingaly improving; or refining; or searching for a high point or a maximum

for an objective; or processing to reduce a penalty function; etc.



such as the products or material contained in the cargo. For exanple, in
the transportation of bulk material, the type may refer to the grade of a
crude oil. [57] "Vehicle" nmeans any ship, barge, plane, train, truck, or
any ot her Wg%qng%) means of transportation. _058]" Vesﬁ@ffﬁsﬁ?(ﬁdﬁzoﬁmy shi p,
barge, or other water-faring vehicle. [59] "Voyage" neans any course of
travel or passage, whether by |and, sea or air, between two or nore points.
The ternms "voyage," "routes,” and "transportation routes" are used

i nt erchangeably herein. [60] 4.2The Model's Objective, Inputs, and Cutputs
[ 61049A met hoRatabildty? oepdesacte that tthe supplypofesendr meongempdsor! w@ugwpisiaveidablet st eps

of opti of..tra grta | O to obtain an .ofptimal

1.zi.ng a pluralit: deci.si on
or near Teap! HovB TS boe 3 e T 5% FRELRL MiRng il Bors SR
mov e e nfra@portdien pbplalkibt woafd be nispd tHeatbiad perurindailyeseciape acoled@sitcegied h a
set of optimzed transportation decisions. The plurality of trapsportation
deci si off$d% 8398 % i)t ThBeY 3 Al Brriodk ihgﬁr%e&aéscq%%er dela PuPality
of transpeiltatd Ofen YMEYeAOd Mudl? 84 ARGT LR AHM OB IROQuirRP bE R SotaBldrBE & hON Of
cargo to be transported to one or nore demand | ocations by the plurality of
t r ans poloedad; dyping epphcquadengf theilpadieg posigflamet er s, noni nation of cargo pi ckup
fr ne or « Nk cat | t | ans Is
velFles W ¢ MRRTASPRE FeleRP8 IRl IRULE b torl pRRINAOHE 0 «
| ocat i omsysshaprdentébiatibe (agsihgnPeMED pipelinpa bAinfSukhie) prherathietoprgof caudiviret es.
[62] The, o bz 10, 2 eRckile! Uies Lol hsatind ARie pdalng:khs ol Laehed data
as part ot a’h'xed Tnted&r finear progranm ng nodel r an Gbt @i ni ng a
sol ut i osonffiguiatien Iié. xedoluntcegetypt) ofairgprio gelasivd ngntoradedhidlo iamrdonfgattién set
of optim.zed transportation. decisions. The col|ectipg step. gathers
"t oF TR diogt 1 Vg SRS PToR ot B et oa e S0a Pl Phe
t r anspofeh@ikhGhg ULk cbRsxt of RRriaa EBRpbAathA i§ LARIBAE.L SBip1 WAfrkRHESnly crude oil

transportation information, and additional restrictions or constraints.
gradeA, and Ship2, carrying only crude oil gradeB, both discharge a portion of their cargos at

Ain Sukhna, They then pass through the Suez Canal, and reload cargos at Sidi Kerir such that
both ships now carry both crude oil gradeA and gradeB. A second example is as follows. Ship3
is carrying crude oil gradeC and ship4 is carrying cure oil gradeD. Both ships discharge (fully)
at Ain Sukhna, Ship5 reloads part of the cargo from ship3 and part of the cargo from ship4 at
Sidi Kerir. Ship6 is carrying crude oil gradeE, and discharges the cargo at Ain Sukhna. Ship7
and Ship8 (smaller ships) reload the cargo from ship6 at Sidi Kerir. Analogous processes may
exist at other transshipment locations used for maritime shipping or other transportation points
for land or air shipping. Repackaging, as used herein, would also encompass these analogous
processes. This process is distinct from a drop and pick (see above) in the following way. When
the same vehicle loads the same cargo that was discharged (e.g., in order to permit passage
through the Suez Canal) this is a drop and pick without repackaging. However, when
combinations of cargo different from those discharged from the vehicle are loaded onto the
vehicle, this is referred to as repackaging. An analogous type of process may exist at other
pipelines, canals, or other transshipment locations used for maritime shipping or at other special
transportation locations for other shipping industries.

[051] “Requirement” means a specification of one or more types (e.g., grade of bulk material)
and associated quantities (e.g., volume) with given lower and/or upper tolerances that must be

delivered during a specified time window (or any time during the planning period) to a specific

10



[63] The m xed integer |inear programm ng nodel includes an objective
function and a plurality of constraints. The objective function may be for
maxi m zing the net margin of a particular transportation schene in a

pl anned perj@dy0dfy Natively, in certain enbodinents the %Qio?&&és?ﬂ%
function may mnim Ze the incurred cost for a particular Franspor ation
schene in a planned period. O her objective functions relating to economc
or financial concerns may al so enpl oyed. Further, the constraints of the

m xed integer linear programm ng nodel are fornulated fromthe data

col | ect eeirégason etredawinddedation bt gsperal, 6] requitdrsnytpuidhee fondemerdolacations, oher ei n
be descr] Ik N | iLne tr r i exanpl e
(referrghgggp%@m%pﬁ§£§g$g%%$@§%§%¢%ﬁ%ﬁﬁwqﬁé%%§ﬁ§??%@%g?hi%% @%ations of the
pr ¢6¥Mt i nvelBpoonesacle" erervesdeBl typipadlsihattered darhor@svolyaged, Inadertainaamebodinxentk,

| and/ ai r,/ sea transportation, for exanple. The.use of nmari.ne...

tr anspol CAPTSh BRSNS SHATP ARG B Tred P rerbaelet FRTE v RE S ope or
appéssgat i on HupbRelopitRaefieatsWlatd Where Herg® iCotinsKiok krahdpottit@narLowdihg,"
appreci ate, the nethods described herein are certainly applicaple to |and
or air tYBREpSPLatTBR PPONeAESISS (SHEh 45 opiglyre ysed imferchgngestly hepiect i ves of
an ge4¢npl ar y ERRodiaRNt oI 50Lsstid QRREADBH TBMuIALd 1RBoPTFSEAL. | NV AkiPN
(the marine enbodinent), the invention is a method for the optim zation of
t r anspofmbrdiopntd i sireses "tofm yessal'i ¢ie dlscapmprce any onssst Methesimilehloag tswppl y
nom nat j Q&Sy:1: catl . [ I routes (i.e.
voyages?%ﬂ?ﬁggh%g”g@hggggﬁgﬁy?gég¥%§ﬁ§%%@#ﬁ?ﬁ%ﬁgﬁgggé%gh%%%%?%5; t he Suez
capdS] or ot hiéfratspaddtioonshemnd hrepiesqntsan detpilelk overalt ppackatgemgotiap abighbiftdnes) ,
and the assignnent o ehi.cles to various,|oadi ng/.unl oadjng tasks. .In

cor taf nOBaBbArHEn B, G B T PF P8I nB i agedht SRy 1y of
mari ne iedinaties sidh. B. timagam;ﬁakupsa;}\qﬁgirap-ammwaggo, applintcatitope ofl Bgo to be

appl i cation conprises, c t hat en executed, WO

2010/ 12@&&%@%@@3@@%3@9@8% 8f PsTish dEnIAREa R [oRRIons p-ge iclY hoktertithe ze
total nele MR, And e 4s9ighinBe or SERBRL kd SlcifRMLi@P ThP AFBPRSLT Bk EDACE&ES oF N an
avai l able fleet to nove cargo during a planned period. Each voyage is then
i ni tiat@8 refeRinEveREIIS A MNYgizse et ard othen irepwettatialr @eeiSin 7P 4rrve A an
enbodi fnal LRGSRl h%§%m9f transportation vehicles may conprise a fleet
of marine vessels. The eet of vessels may be heterogeneous. For exanple,
eal3dlessel ‘ITiype,Hen fHeemntestiof fpé DErarge defines, the hatpes, orcmypositian of thegpargo,
capaci t etc. Mire particularly,. the cargo capacity,of each vehjcle y
it fer TN g isps e ShipaletteFonteingd IF AR o RBY atbls vy HemdPetatioy g8y en
for vehihuk eatenkl, thenypcheaprfie tcthagsadestie brudsollery | arge crude carrier (VLCO)
ve s. In addition, the fleet may differ in econom ¢ costs. For exapple,
t h@%ﬂ eet nayjegwﬁpp R8s apy BT #aiPiagf B B Fouyater Beaiicy dusset ot

bar eboatanghataties S, spot vessels, etc. Preferably, the fleet includes both
term vessel s and spot vessels. In one enbodiment, each vessel in the fleet,
redaBldl ess ONcbysk TBHRANT Dl Raigs, fother svatarAtingrvebisler y, is classified as

ei fosgr a term &heafl lvel bPpldlge, WAShHANGS lan} SR D Sirl e
av@i?%ble forOX§$fiﬁﬁéggggggﬁ%§§¢s\fe.gP, %%fly or %gf?yhéﬁy oaﬁgﬁ&eggsels,
ti me chaoter sorbaretoatThehrmersoyage.l. Jrodes” tappi ‘dahipprieticns stutdsd dirasiseder m
vessel s Vv el,.s that are avail able for only one assignnent are
typicafwéﬁgﬁgg?ﬁ ﬁg?uhs spot vessels. Alternatively, the fleet my be
hd@sgjeriolis. The8Jodal'sObjettitehipusrhaiddurpits, at | east one of the one or nore

S y locatjong i,.S a marine r i.e..a suppl ort). Simlarly, . at |east
orBBLY ¢ he” chEeBd b et 8 R PTeSS 1T EeD e Ter o6 OPibisifeng
port). pAlrsktyl Bf tRhsotradideBbes, ab beamt a@ dpahdal R Bfar tdpenkarORLDS, M K
material, such as crude oil. The bulk material may conprise crude oil of
vari Ougne@hga@ély transporting cargo through movement of the plurality of transportation vehicles in
accordance with a set of optimized transportation decisions. The plurality of transportation

decisions to be optimized includes transportation routes for the plurality of transportation
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[ 69] Each voyage definition (i.e. transportation route) specifies
attributes and/or constraints that are relevant to the problem These
attributes and constraints can include, but are not limted to, the

fol | ow ng: uppl y/ demand | ocations that need to i S) - (2) the
identity, @%éﬁlbgﬁéﬁr ange of volunes of the specific caf')g@uﬁ?ﬂ/&ﬁ%«gds to be
| oaded or discharged at each |l ocation; (3) upper and | ower tolerances for

t he amount of cargo to be | oaded or discharged at each location; (4) the
peimtted tinme wi ndow within which the |oading or discharging nust take

pl ace aveleded) alloméibn oficarfd)o bdiearspdraddi th iohy onfmorategandistetionsdiyl thbpmraity each
supply Iggation at varjous.ti rrES' an{i (6@ upf)er/tlower .blc()un s for the volune
each tyPe EiSPULHOB ERIolsS VAT Y8 PEAMIOrs, PUBIRTYT & HARRRIGFYR AR B OF EXEH
voyage sighiynidchi@hs 08Nthie G o SdnlsSortabomvbhitied it Rt YpakD6drk OMS w8 df

mul ti pl e demand | ocati ons and can, have a cargo that includes multiple types
(e.g., oheFrbraNpPoitiondecatipnscinddishisiy %Slg%%%if fghy! theplyplety efbeluslaent , each
VOYRGE CONPrTRESytni-RadichInciVies 200Q4i2 444 ARG HS2Q Q33400 RAaYTRNhixuer e
one or nore types of cargo (e.?., three different grades of ‘crude oil) are
| oaded fntegm dimearoprogamemisg ppbyell eeditobimingviat Bolntioro dattho migpddittgs breant ity
ranges 1500 | t | fd C .. i i Qds. . t ki i t,
each v o@ggreawfr{‘}?% %leo rd 812@ r?ph?‘%sae g esgf (gfl Og)(t:lhg?eg it%gs@g%{rlr% n(?ems (glrs e H%?l 8&?)%3 erijé)érn[ge& types
of car ggathare idoschimngeliting totte applyoloeatdesyehed demamt looatsons thiei trankme@tioon
specific antity ranges,_and | ocation. specific discharging per,i ods.. 0]
oot er abToY Hbt st 9 s HnesReety SaioaP FistbbS Ryt Sl & Rt
each vonagetiorAee oshta@gtsy, i n one enbodi ment, the total amount of each type
of cargo loaded i.n the | oading segnent equal s the total anount of each type
of 1863} go di stlifaPisd 1nEFeeh SeAr SRZPETTHES é@g‘ﬁbﬁﬁudﬁb\% cctiyg tpuctign agd a

possi bl gutft26C BoHkrathRl PEHGELRS MRGI8 BA) B8 frSmAti@ARY tHRMd@ MgRinClfes Pri or
to a voyage or nmintained on'a vehicle at the end of a voyage. [/71] Based

on a setaréfulgitipapportaien schewe st pipbenedriron) Alteratively Hodedpinicybediaments thet  of
optim Z@(ﬂectti(/?‘m?&ﬁ Ay ORirHGCE %h{]’{h% HSE‘E&‘P f(%fa h%ﬁul%&&lﬁ?b&&i‘ohy chdnNGPPr t ed
by a group of transportation ve i'Cles based oh these op I'm 2ed paraneters.
The t r arisped tpatiodn Odfer thiectoar fyoctivay régingxte catreio si figaram) coe@ns har also
mechani cal, | y .movin erial from.one |ocation to another |ocatjo In a
o i ne SppTedht sper gpe ehRiprh Brle e ok Paf raRemuleE il a5 shi ps
or ot heforgisse livm the dhtavolidaddtbnamplcbltatingmnsy. t he means may i ncl ude trucks
and ot her autqgnobiles. [72] 4.2.2. lnputs to the Mddel [73] The nethod
coﬂé? ers nuﬂgPBﬁ]I% tﬁﬁdﬁ{'enﬂ&i‘ anet ?rgmaﬁfa %%%S%I%sgr??ferdé‘%@an?%‘igwé PREne

opt i maltrakpReabh SXunSROQeEd oMM tHRhArRR cBBDHGHh e hethBNSRET dpplita@ibnd STUAES,

use of specialized transportation |ocations, and vehicle assignnments to
pr oducePressat Wygioatare eRrtinly eessie sjich ag dand, airt i aixpd dang/air(sea HRRfPATIONNet

i ncurr 5’3'{% : i i
Howeveref‘,[:jr t Ee %e)iarrp eé'rseoc?o{?ao@l ed ﬁ?ﬁaﬁbgﬁgﬁ?mgoug d ?ﬁ?ose qg%g{:r%t (?g)aftﬁlﬁlcﬁ%ar e
not | i recopener. aihicatisn ofr thie pawsyntsiaiverdtionn Ahenapf skilllih thp priewillatpprachi, thhe

list e ry.i el ow j s,not .. i ve,. . ot vant ipputs in
the spr TORoB kRS B it T KM S 2R OB PRLRSP ALkl

I N96sIt id0h1. Rieatmi Gbjeytivealol an BpdtiiplpaBaetanait and vari abl es with an

appreci abl e _effect. on net rgin ot incurred cost are.considered, In

2dbei on, - alF OUSFRBEIBET fARe Pisreal SvERIpH eI RS Lo RO e

I Nt egermdthdiei Y QGinARHADAREG orafieh EQNSddIF@tnariné4tankpbratio®bdheshe isich
accordance wth the present invention, the collecting step includes

col | ect® Agprbareminations; Higottpnad evelableoren . psrieriagentqusnd. . TAYAESDnihepifat i on
can | Nokuileidide) PRXSoERlon |1&%Fi{)/ﬁsf)(g.§0fthé SRz PR Y ofbl Béaﬁohmtg%@gand ick

classifying the various supp ations into regions or other "geodraphic
ar eas. oTmipgckaging cepebibiiesireand dhe assignulentde wghickes do vatw:s deadin gabiloading tasks. WO

2010/ 139 égr?al?ncyn%scﬁgl%gt/s,otﬁé %%%od optimizes marine voyages for a plurality of marine vehicles

(i.e. vessels) using a computer application. The application comprises code that, when executed,
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cargo (including type and anount) and the timng (i.e., window of the
availability. This information may al so i nclude any vehicle restrictions or
constraints for a specific supply |ocation. For exanple, a particular
supply por e limts on the draft, weight, bert capacity
of a vesseﬁvwgﬂgﬁ the port. This infor ITB.tI on may al s{c;)crlr[ﬁ%%o&g&esgébﬂy port
fees or other tolls associated with a supply location. [75] In the marine
enbodi ment, the nethod's collecting step may include marine-specific supply
| ocation data, such as information or restrictions typically found in

mar i ne petmtnsinesTthieso;itimfad)rsnhmibm rio mpaximek avel et trhegiaviel katting sqhedxiling, and

parti cuI ar rude oi 0 xa Further, .this i nfor tion

Phcl udepisrdinc S 2iafa i S St f DR S PG e kT e Ve

i nfor rratsltmMayteurdehug&etpwnﬁrng@eﬁ@dfo@fan@ioﬁl@h@. up nore or Iess than a
target anount of carg This i gﬁ) tLlon mag‘alg%lncl ude dat.a associ at ed
wi {7 he rat &bt %eg)bqqlment thePlHEito Al HEnBATALR YhidiioliAY caepeeﬁpﬁ@et:a go to
vehi cl eﬁlaﬁi{@{?eséélmhe e%etq)q%ee@ a9 R NéRRjgeh&®ub eFsr KUMPR, s vEREAh tghiRrEent

at once). [76] In a net in accordance with the present invention, the
col | ect parglifferel Sme slme,scaw ey egp ey acte e Marp @gﬂnoélaﬂnetheﬁare@rce}aamﬁd

| ocatio hvEﬁ'i RFIRL R act%ﬁi&%ﬁs &Qﬁas%%gﬁt%% ac ?C%isqg gﬁé et femand

sites. |s nay a o) |ncIu such as ory and consunpti on
schedul echides widirig dleastama cdmmwdl dsocut lae crudewsrrat (Wﬁi(a)gvefbmib tIheddition, the

determ pation re supp be needed nf or mati on
rmy ol s B e BB e R, QAT o S G 3R TP BORRT st eBaT P

such aStefrheleis}tlQﬁo‘ﬁﬁEﬂ afili) baebost ahgeers, ep@tmm'eos eai tPrvfafahB/ dfe et inckrded

car go, ivery t rre wi ndow, . and groypi.n i 0 ui r :

In the 'Pfﬁi‘ 15 Ve B HPRL YOS, P H degan &8t %ij fb ?L&V i ﬁeri@a@e&l s

col I ect éRgoMRI 28R -0FRRUhH&G HAAYBREIdsAGEd bPBitdahaernS ugslae@s shotf RIseRt IO Mir
restrictions typically found in marine ports. This information may i ncI ude

the mak@stapecorewsrln@sidaanavedeile forf Mpdmloas EmsaE 9. GldespitHally owned

segr egat sl niﬂy bt YafRbLQRABY, A SQe k@qéaugelaeﬁﬁed/e%ﬁﬁ Geds@S bhid %sbéws or

constraints for a specific demand | ocat| or exa , a particular

demand qb@tra:re areajlapledorconly oi¢ sssignmehiearel tyafoally wabsfd, aStﬁemtwsse@r Altarggsivelapaci ty

of a VE sg tent relhogltgneougort This information may al so i nclude any port

fees or OtREr |I's"associated with a demand | ocation. In addition, this

i nfo@é8)rat i on Aﬂa(ym thisl euth@dintdng raalees ont of thdosc tiangicngppip teaitonslies matitapora

specifl d anou sone instances, these | erances may act as
"Bofte @ TP ShbiiRis st PrreotlF 86 Srbordein Dot ft mhetator neve

sof t baypds déMshdiRreX eaadRthatenfbodRsdnt, (8 14t a oréibh bAtHR ARRURthuld meketidiar s

per barrel of crude oil over or under ‘the soft bounds). I n addition, sone

dermand U6k at §rudoihmlherafiematprinlroayoriaq oprPiLabRIOrDE9%0 so- cal | ed hard

orgghpol ute ﬁ%@h‘@g ag eﬁk%ﬁﬁwh%@r@zﬂﬁﬁ&tatﬁﬂ hblt®) daginsohikritRRUNGR/or WBNstfaRks De

exceeded This i n ormat 1 on al so include information as to particul ar

segr egahitonsretayguti tp dleb problamd &rhamtmbefas pshconsiminty gmigclude. b are seglinged i on

i nventary. I

bl end- gém%l ?@gmﬁ%‘ (ﬁ?&e%B@ﬁgﬂgﬁa&{)&%E% Iﬁgteh%{e n{e‘d%% v?s?red %Qggl%%%n'u )type

econom and wiige of ablumemf)f tile Lpeeffrce;drgmuhmnbuﬁeo bé lcaelascgmr dmhdgema eﬁctlelmcd:nloh; t y to

exceed ipventory limts for cost or ot This ..

S0 TP hEER Gl B sraites e R et ph EweR b el it g Gt

requi r ep@iibs; (4) t8lpetitte fikndivin @V AethilBMish the m@add@toat disehdre@lini@t SkePlabBY

al so collect data relating to designated geographic regions. Demand and/ or

suppl y 4 G logHonmk3) Be yAbliFetl F45Ed mpds @wegkje%ge@féb RYRPLY lgRtinnsat varigus

Ar abi anil fng BEehpeefwel B TUs f@&ﬁ@pﬁumy@hcthQQ estgiecta?g% to®b geﬂveréd“aﬂa@ﬁec’i@c“ ne
transportati on embodi nent, the supply ports and/ or demand ports nmay b

gr oupediemand lasetiomi ﬂiaelup@yage atinigen gemevdideegsitne. mEtpls S@pplwﬁe@eonegubns
may hay e t i i i y. O

or oper (1 ulpIE e ARG LA cAERRR, SLh M plibaco BEHE Ol Dirkllfe
pr oper tgrales of tmindeasﬂﬁS(Ac(cordmg@q innorteh embadimentf eddpamyafgercompalml &)loadingd®] I n
a nmethod in accordance with the present invention, the collecting step
further includes collecting data relating to a plurality of transportation
vehi cl es. The data collecting step collects data fromeach vehicle in this
group, including size, weight, cargo capacity limts, speed (both |aden and
ball ast), starting |location, and fueljsconsunption rates. The starting

| ocation information can be in the formof an estimated tine of arrival
(ETA), estimated tinme of departure (ETD), or |ast known |ocation. The
information on a vehicle's capacity limts my be expressed as a vol une,
wei ght, or any ot her reI evant unlt of measur enent . _080]I'n one

I Y B o, . o



WO 2010/ 129419PCT/ US2010/ 033200 consunption rate of each vehicle al so
affect net margin and incurred cost, and are collected in the collecting
step. Further, cost data for both spot vessels and termvessels is

consi dered vessel s, factors such as denurrag

part-cargo r#: 2|rgh?lt9etc are consi dered. For termvess?%ﬂ%@%ﬁzgosuch as
fuel costs, port charges, other fees, and other penalties are considered.
[81] If certain voyages are short enough that a vehicle can performa
sequence of consecutive voyages initiated within a given planning period
(e.g., smecnowhéy one hemompdzsowfgpat@r(mg\gehiec Hgbrqne ggrdes ofeerndyeidsat boaided t he
case of .a marine gpl i caﬁ? tc¥ F ftl eet Cn%n ba%t srsalt1 ne%dtv(s?thqr‘flk;c'a | e
sequentfr%’fin QPG PAGEES FIPY éabnéﬁﬁf BRI 08’ he‘caregory “term
vessel "gspabiflc leadii@eeriaRy Metkebmbdifibents emaa\vdyagﬂ ﬁlrfh@f cmubmeplaedlaaﬁr@mment s,
including time charters, fully nd parti al ed vessel s, bareboat
char t er €8 Whelg o6 & | m%rﬁéﬁp qalfﬂoeaWé&’;S&B%’g%fgnﬁ & YPHn¥nte QW%]HGIQC%lQnﬁmde

i f the LARMNIYRESELCAR (TRRLy BNEEYana datibRipRtific dREhEhE GerdiRBPOr al
constraints, port constraints, etc.) for each voyage in the nultiple voyage

asH7§hnent . Rhfsrably dhonteipl eoaee londed gawaly dri ofdsaze. ¢schatgsdtiniRegh gb¥egen t he
case of e t l; I to
por f oun TR cin TRk R, 0, RPR obfohd AT bholt B T oni g RORRL W 1 b B e
basi s. ddgmentesquals Ul totd rewout oﬁ/@whcbmge“s:dtgp @wbargvegséiesdlmhergp@tmm@@d in
sone i nstances Smlar vehi swlthcart t. t i |mlar
short ?@PW%?H Ipotgi}b%’to accourﬁ eSsBFE R rgrcg slgeﬁadg%ﬁ ‘%[5%{/6 p\?g)gsel S
due to zt{?@agé:mmadtanatmnevehmtehemre eﬁdhafetecry)agare not typi caI ly allowed to

perform nul tj voya 8 a.rethod in ac dance W t r esent

P rbal on, e fm&%ﬁ?}?mf @}dt%ﬁ?sm‘éﬁd et g |3 i R ng to
the Cart@&ls%&“tal@ign td%@él@ﬂ@r tego 1&:&%%&hmﬂcﬂw Ban@fsed ugff lgf&ugrdf&tah%mnai ude
the type o hysi cal properties of each carg

cargo den5|ty or
speci alvqh | bapgy! refgaﬁeroaﬁweé PETAEIF oA "Elaf-‘rf@%slspfé'afl%gﬁ theéﬁfc%Otrﬁ@eY RecRBHS
val ue r%aﬁ'r{} e ?o&)i&%amkﬁ@ m#) % Bnd B&BI DG &1@@6&{1&?{5 anottRe 165%@1&9 dInsa
col l ectl ep may i ncl ude I'Tecting marine- specific supply grade data.
This i rrhahrrceetppbwtlna,yfor ercimpdie thehtyaispadatipn oparStmfesmdﬂdQ stapscoripdleer edselsslich as
density,_and econ e for eac u enbodi ment, the
one or lﬁ%ﬁga afe? wattmnF a&l%rsne%t}sem leu%e %E)ﬁk% i ?te%l aal}O%O%Brgsef erably, t he one
or [oTRy e4.Da] knpimttetticalisder e one or nore different grades of petrol eumor

iﬂg eum der.i ved roduc}i such as. crude 0|tl “EGE IR seI asol i ns% etc.
&3br ef er abieymetiRgd QANIGS BRI PRV BTRPE I gy 15 AP R FS ong
grades @intal Lamlccemoh sch&duld) endp@ib@ionh shedilé) eridhditatiph ok, Su@r ef epasibtized | s,
the demand | ocations are typically refineries or ports th‘% servi ce

r ef i nertrassporiafian preeetionsypad Vehiele melgnmgs fcrorws B Digheyt totgpnet margm (or,

2010/ 129413 \CeT{r Q§gﬁﬁ%19§§§qgcdrﬂ%& @B4t). ORuinSrobd! @xa%{i)tléqrﬂfzfﬁésb %u@»j ar e bed
carriers such for the transportation of crude oil (or simlar

pet r ol dwhw.i Hawdge)r ﬁm@mrgpim peovided Aeteomand: throngh ﬂnefsgmf@@%m amglot lidingi n a
met hod th t i

o t nerOfnff SELERRSRIINIR e B8 Pl SERLINIEN bR, ABRER) hEGL B o

i nf or mexhantivd hing otlrearaepxant @apute in thefsprrmf ﬂm)ae gwem hpxamsresy asgbaerchided at egor y

of consjrai nt associ t h noving car cation t

For * exapPESS i GRIL | BRSPS TR agd Peplsfh & sttt a0t

vari ouson! 24 ddr@ifSor (Beugred cOSPRE Yomnitréte nmruaditmaam ofddbles Thaselath st afiees nmay
be expressed in | ength (e.g., nautical | es) or as, ti based on a given
veh| cl eoByEEs mAP%@“@HW@%éW@@@FWWH@ %lr§§°1i1%1f%66 tion about flat

¢4)f €es T QR J LRARRACK! a&er&awal&lrmm 2880t %@ﬁﬁ&n the camaruhg Istep! Modes
ca egory can also include tolls (e.g., canal tolls) or othef charges for
Chart emkle@mg@t@mlmdp @m‘c@mmore( sunply, lqchtieng. r“éhlé igfofhetiaanednaingluge the
Wor | dsg t Sthto [ 85]
oSS AR PRl YR LB C0R LM iblplcho
cat egorrygmmyor other geographlc areas. Th1s information may also include data on the avaﬂablhty of
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include information relating to drop and pick capabilities at various

| ocati ons, such as canals or port |ocations where cargo can be both | oaded
and di scharged. The drop and pick information may include timng, costs,
cargo restric ns, or other constraints typically assogi i this
process. TH’Y%EO&&{%’&SW may al so include freight costs, f%@%gf%ﬂgﬁ&ﬂrl d
scal e rates, denurrage costs, and fuel costs. Further, this category may

i ncl ude pi peI i ne costs associated with drop and pick or repackaging. [86] A

met hod in accordance with certain enbodi nents of the present invention also
al | ows tzﬂrgo f(awmdthgaiype gndrmntomﬁ) camdathey tmfmg Kize. ,de/d:tidsizvﬁ)mfvthc iaatul&bﬁny Forhis

exanple, .in certain enbodi e collecting ste

o inuButtL a8 Jnaud fy aehEiectumErnnth, BRRATRY ot B swy
tasks, mURRIY FRGRLLPBS paticdan@psly! paahiopscamndits o eief dthmovE gizpbatth, or
nom nations that are already fixed in the programin terns of vol une and

tim ng. SBYFAPRRE Alyovassql srisiingBeinsH, T m@é%fépn. TR Heo Hstude @y PEETSeRT st ep

of the Qﬂhglstgfgagls&\{ﬁgﬁwgﬁlaqﬁpﬁﬂ}UQQthn constructing a mxed integer |inear
pr ogranmm ng nod I nformation above nay be used to construct the

ob]®81 i ve fulmcthe anarine e diroendt thaimetkodds cellrsting dlep .mashinglde anaiinerbesdfiorent s,
| nfor migdlpgﬂl f%?fﬁ%%l cﬁ]é eguc\@i' %sqnfo%&?on(& @stnct?&?'t%&all&%ﬁfd int 1951]11% pJ eI TIPS S
for a parti’cular rou g., onom c val ue of certain
cargo) bésomsopany red)éite ththe ebyikbilityef a‘pumcmmrgmdakmnf ctuderai ifon %@mpteh&uttbﬂal net
margin Qr m.im.zes the tal curred cast
2010/ 1251 SCHRIES P2 sbGe sl RheP e SERe AT OF AR TERIC ol 1 SRRLR™ it he
dat a cohf@ghiingnsy eflid IRt césofof plcRinkhe Iﬁ@ﬂasdr ﬂ@ls Ml aOfargdﬂemﬂmdeif cafeB8]
4.2.3. Qutputs of the Mddel [89] The .nethod o e pres i nyention
det er mi h8 PSR May edsoseluds dat apagu mfhéh? fa@éi i st FH%HO%M%PE@&
total nghofRI ApRy J&g&' w %%olé@@%rrtﬁge CASEhosICHOk dz'el%ieYretﬂeR/ﬁ{gSﬂi@ rib@f i on
schedul ers may use ' this method as a tool for determning optimal
transpofi’ﬂtlla?tléznéﬂt(m@@)t es, suppl y nonminations, demand allocations, use of
@%F‘ trar ﬁpé’rrﬁ&ﬁdao 9&?&a‘n9@% nafgd %@&hﬁ ASSH, IRETRD 1&&&%%%?; fnReset of
data. Tn one e drent I oW et enni nati on
nom nat ¢od)hactptgo@t:amlattﬂgetormtekmdnqmecﬂmr¢e¢ Icndaeortsr aﬁ@p@mﬁoanat@m rs&-:sherstlude rtham t h
the fol|l,ow i ni esf S nt
(based BR-ERPHGoR o diec Pttt | Foig §RE oodod!FL EL8H Phef B s PARRATED) o
vehi cl esnsimptioa JoRedumaTeRcdbaidoon o @ermetnhelombn Cﬂh&é uldxyxa@.g fatsﬁuegnmnmnor( 3j the
vol une, type and wei ght of th car%?dr be, |.oaded and |sch ed in each
m

| eg of WPGoPRe SHPLY GhrRBHRC; mey)ber fnfgrmatien, M 4E9 6‘?? s#t5afl the
| oad andq le”h&‘éﬂ@srfg?a?& @iohiEr HEARAABCAIBE, NP AIAE tyRYAd&MLRY) oft AEz0) 8éonBBE@I N
for each voyage; the total net margol n for the all the voyage
aSS| gnneit & ueeqfdel(myedm@os |dsbyers Emequndovafad BORNRE QT PREESLEHPNCERIERantH shi ps.

ﬂhtq onal qytpul, . NRY eﬂlg&dulﬂglﬁ ﬁ%%é{fﬁt{degcglfegﬂu@&%&&% $ndhffe c%ﬁ@éﬁ manne-

e/ voyage pair, inventory profi for each supply and d

| ocat i cnppmﬁugge&tdddcekmbe daltacsweim ag qurmgtxom@eemctmn@pypmay frivoK 1mmanqum1sag| ng
at spe rans ort at.i cat i ons, a ] n
rat abi | b(1§/ nf?non g%g}?y Cﬁ?%el tg‘ \r/%a)k/{%ug b §|Pe?l dgn%ng!’eh rega ﬁgsﬁcr(lhé‘gﬂ d8c1a %
schedul ggfegitiodacithiy éhfoeh&lanoyag elsp amslu@en anys egndg aréstmtmng @0 [cohgtratmy fai n

enbodi nent t he net hod the present |nventi ut put s set imzed
trans poﬁpf’%{ﬁF grmguliosdtiohs %Iobg’éar %r‘?spalﬁﬂf":l%%mg ?rﬁ’iﬁcﬁg@u&s 198%6 &k

trans p%&?ﬁtl BHh, BHERS0 €dpadity IQYRIRS dnthg Be pbdr ahistm/foﬁﬁatiohaﬁ@mgot iatlu@n

vehi cl es (i ncl udi ng@pg}é}gl fic times and tasks at each. | ocation and overall

net nmardgy rpoﬁffe@tSWé 0 apsopiated gy i{hendspmr decasion. aln wldiion ofisdRloERRYE BY be
t ransp%& It thﬁfgg@& h@&ﬁ%@&@ﬁmﬁé BF héggltm L géc%d §%BE O GRIIOId QrRe

di scharge erances), hom nation of I ckup fromsupply

| ocat i omsar(qen ¢1haad tqiugalwh owylaet asf“sefBi go rela/ca«lel bbmldStfyr thadargo pmpwric dsjomend
vehicle Ssi nt s ach vyaoya her | evan f i h as
econom BUIRES A et BimGarte 18 RER M BNE CofiJefs Vel SR PR Bir

| ocat i darrekdfruderyil @lesor ﬂﬁﬁleﬂthb pblﬁt bounds). In addition, some demand locations may have
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[91] 4. 3Means of Executing the Mddel WO 2010/129419PCT/ US2010/ 033200 [92]
In certain enbodi nents, the optim zation nmethod is in the formof a
conput er appl ication that runs on a conventional conputer processor (e.g

a 3Gz si n%%{ﬁg@zg ssor personal conputer). The pr ocessgé,r/gg% (P(% si ngl e

st andal one The processor can also be a colle Peractive
processors connected directly to one another or a collection of interactive
processors connected indirectly to one another over a conputer network
(e.g., alocal area network or the internet). [93] Certain enbodinents

i nvol vi sgcilled hsé oofabsoloenipunhdy. Afhpbd cdtrors nmlﬂcalth@ spfichomdés, angdaheat batry
and stora evi.ce i.nterface. The ntr |nterface
|ntegraF‘%8k%'Vh?%?@??ﬁéglﬁf¥ﬁboﬁﬁ Sﬁﬁg Oﬁéﬁ S B gﬂgﬁngg%Hﬁsé%EFgée f or
t he apphi £adrh0d 16@&AcREnAGHAT Bk echrédatign Mvshesy, orat@icn cobvempl laeabt on
can use Excel, or another type of spreadsheet sof tware, theI@eta ntry
and st oPCé]@émPSntS@g*feé%ﬂé’n Nefl‘éffiﬁ‘éi’ﬁlr\‘?%‘l’%/ e&n b@?ﬁm@E‘f?ﬂ@FW‘?%alﬁé’%u% n| ng)

system B S vallea dBliveRQnd M uEdUBLAD, aff the ABUETIRED S xERH InRioBNBUEE
(BDW, Scr%ﬂgt her t%\;?pe of Wbu5| ness1 appa%?af?.lons can“&g utxl | i zed. 0fe}t9]4] The

appl i cafaroncesdepoihse persdie Thistinfaendtion navableu rdete 30 SOMePHiRLEISHINSARE mat h
nodel s, eﬁ&%afsﬁhﬂl? ﬁg’?&“ﬁ?‘“@ﬁ Ilngatgatl on solver which is integral to, or

interfates Wi ion'to solve the math nodels. Preferably, the
cofs8is wri tnepertasi rgibovdidenisnghes dsth ecnllscfitgwsteie msayc hlsascolEdMBita GMBg Itd OG

OPL, AMPL, ress .Mse wever coul d al.so he en. usin
any conBtiaPles BETAMN AR andraa o adeh ey Rt GRS o
one enbgeligrhic, regms app| irnestiAroGuifs R iStd,apats iBugopd) Miveda Bchtapic 9y Snathe AI MVS
user interface. Preferably, the sol ver is capable of solving |i nea(lt'3

pr ogr anfiRHee HAMPAstation Srhodgent the spphppetr NEAR GBI ERREY Pf SFRPFEHO

sol ver scdipgl HL%I}CE% de?ﬁ?e[n@sl%gmﬂ\" B %F%egé\ri?ﬂéﬁr\ﬁ% ha®d Begt §ObMBESIckNOWN

to those of skKill he art may be enpl oye e outputs generated by
t he apphiseciatPdmith i, m@b@@gewa»@ ifremprertigsengnienastardinl Adattignadliyn thees iegionti ze

total %Egﬂ%ée%b@q;é@?@eﬂ%s%ﬁﬁ 95”6@6% rqu\\f%Whgl o‘fﬁ‘a Hf&‘é%brh@'@ j.e vehicle

group to ages to transport cargo ne or e supply
| ofe9} ons hakni angethmdnnm'corqueeqﬂl the peesens ntvcnfameﬂ@rCOHm’tmgd@nﬁwﬂldr ms:éudle&)ns

12170, YA AR b RS- B AR s
di scussgda iﬁbﬁi\/@cﬁ eelgicle ixige grouERlﬁcluBﬂg\lsuet Wcl)ght [c&x@p ohpsaolm ém&mfbs;ﬁtedrﬂrwh dat a
onY, 2SS 0515 SESILLNe Uoihg an, Cel | ALer{ a6e aadd e, pror A
sol ve theRlibh éRARlH BE BFRBE SGtikBtet RigncRITAEHAMETAY, tdfintited e fMRpirué he
progr aangl“tDl)I Iorzlgsst k%cr:wn location. The information on a vehicle’s capacity limits may be expressed
as a volume, weight, or any other relevant unit of measurement.
. .080] In one embodiment, the method’s collecting step considers a plurality of marine vessels.
In this embodiment, information is collected on the vessel capacities, bulk material densities, and
the interactions between supply/demand location constraints and vehicle size, shape, speed, and
fuel consumption rate. In addition, in certain embodiments where the cargo comprises different
bulk materials (e.g., different grades of crude oil), these bulk materials typically have different
densities that affect how much cargo can be carried. The supply and demand locations (e.g.,
ports) will have different physical limitations (e.g., maximum draft, maximum vessel length and
width, etc.) for vehicles that use the location. The specific physical characteristics of each

vehicle (e.g., draft and other parameters) determine whether a vehicle can meet the location

constraints for a particular route (i.e. voyage). Also, the laden speed, ballast speed, and fuel
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WO 2010/ 129419PCT/ US2010/ 033200 Al MVB i nterface for execution and output.
The results can then be transferred (e.g., exported or copied) back to
Excel and stored as an Excel file. [97] FIG 1 illustrates a possi bl e
interactio R 2 user and a nodel ing application c rformng
a portion g\{&%ﬂe fethod of certain embodi ments of the .ﬁ‘?@’ﬁ%. on, B)ﬁ
various interfaces and cal cul ation engines. A user (e.g., a Ship Schedul er)
i nputs Business Data including data pertaining to inventory position,
production consunption, freight costs, etc. The data is input using a Data
| nput | ndrepfpGen (a&: gf gack prlgald sheetfct 1t sprandshestred ogpt,camd s bollested in

Mcroso tal t.hen .expor edlnto n tim.zati n
ok st yBR b S OETERR SGoHEuS R TRE i Bk d ol he

optl m Z gdot 9Bsselk, factﬁﬁrsgﬁh hp@ailmumgartdzeﬂgt | pABLE YT gor 10ig frauth b&yc ded edndideiedg Far set

of voyages for tr orth ﬁﬁ[go and asg gnl n Vﬁthl cl ea ?fg an avail abl e

fleet tBHaYESHS a‘f’tB SafUCHets GPFS(BRTT Ch3EE%e #t BENASS A i ze

total i pgMiderd cost). The results, which can then be stored, include the
recomrended vehlcle/Ioadlng/unloadlng schedul e, inventory prohectlons and
ot W&l opt i mi eartain apnssey trashaherpeh diappyehivly é%ptrécw a Seqhgge Phemsprutive

di spl ay@%{ak% it ?e‘arwm{h? b e i 2 %;b%ﬁg? ée%osneet)ﬁ e, [a%g]lm%c&ﬂ’ﬁ %tﬂgl'eé’ , One

enbodi e i nvention i's an s capa Ing t
opti ni zétg. ptnrmrmasseld sn di&sazam béd ntt@meldpphc'ﬁh@l)aip pler Hectsar berprsiged tanpitgdessi ng

devi ce sel ect ed e QCces Lt |nt racti vye ors
connect %eﬂu%f&ragc }ia§estn% PR rf%’ﬁ% enog SIJ%Prﬁ l}f’ Eﬁee&%e é% veSé{r ngﬁegégfag
connect & veagl kecid epvailabl@ﬁﬁ naﬂqtlhemgm&msamcmdmgtteme chattewsy fally'Ehé papalzhy at us

al so inclu t he, copput er nodel i a at i for the .optim zation

v ne. YOO ORI Fivg 1R PhateT THHEP 5Bt aN T L ey Bt
entry amngdstiotiageraPRbissatidmndehabedys c@istriial (Ralbingf ten@brall Ndo@gfadts,yport
connected to, the computer application, for inputtin ata conprising, but

not | i nfonSERIRtS, et hior gady wagwy%@glﬁpteﬁ@yagﬁaﬁswﬁn@t gh?r&teé@ Or §HY-HYpRESe
pl anni ng.pperd % ;?otbges nn@hé Qe df g tr%Po&Jﬁ%n%Bﬂ@JaﬁBMSaré A6t %ﬁﬁllya

sol ver that ISI egra or 1nterfaces w he nodel i'ng appl'i cat’i on,
capabl eallbfwedgb \pmfgrrm métaqie pmgmhwam; tpt:sobﬂeemalbfnldrth oved singlceared basisar
progra n ro Furth rat Bale t

epor ¢ 1 MG oy eAFT B NG Ofleeg bY o BB F d RIIR o0 B <Bfhay.
t he conhicdss ‘aplp)lcha:t&trltems that pmtdatmmtlmgsltok’tetermsauhiﬂeénlctpr(pe; sesags thatarnot

I ted t I d d h chedul t t d
mar gi nscss g arpue B B0 i Brdptdruirr eeperoat Ked S BETHEE eI ot her
f or mat Iﬁe@fonuslaluqﬂeet;ﬁ%es systens. [99] Generally, as shown in FIG 2 for

exa an apparatus in accordance with certain entfodl ment s, col lects i nput
i nfogghat i on Ip@ method wageqracs paw; the pregt é{“’e]i‘ttﬁnol?hr%f) e AteR Juthes Bicidespp
2010/ 120%41@:&13 éa'tjctsgga]tgtgot%:)‘t%gQal‘é%hﬂocﬂeet%amﬁ@ﬂt&lo RYRdrk @@'tﬂnb tgi’odpn(‘;fofn%aﬁ’&h

demand reqw?rrrents et c. This information i s used forma m xed
i nt egerintludetie tyneodcase mlgm(c@hpm@ertrm @€ pach Thigo iigdp.-gis §er§6y veenecipl kandling

opt! M 288 fettte%tsutﬂtt PR el ) land O C%H&tm%%ram%t ol plgigRt | on (0.
voyage r 3 pl'y nom nati and vehicl e
as@8gnnent s InTthtemerlmaJerpbrtchmara:ythb hegthdaies cxﬂbdtmg)sterr oy poitdet doBeatimg guarine-
accordi ngolhc suppb(/) Qrade daa. "ltt{lsa mé %1315 Im%? 1§c(iuc§3nﬁiysical properties of the crude oil,
such as density and economic value for each supply grade. In one embodiment, the one or more
bulk materials are liquid bulk materials. Preferably, the one or more bulk materials are one or
more different grades of petroleum or petroleum derived products, such as crude oil, LNG,
diesel, gasoline, etc. More preferably, the one or more bulk materials are one or more different

grades of crude oil. In the case where the bulk materials are crude oils, the demand locations are

typically refineries or ports that service refineries. One particular business application of this
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[ 0100] The present invention also provides an apparatus for optim zing a
plurality of transportation decisions, wherein the transportation deci sions
i nclude transportation routes for a plurality of transportation vehicles,
all ocation _of cargo to be transported to one or nore depand.| i ons, and
pi ckup of 8%9%}’604%%&?1 one or nore supply locations. The M?@?@@%oﬁcl udes a
data collection application for collecting data relating to the one or nore
supply |l ocations, the one or nore denand | ocations, the plurality of
transportation vehicles, the cargo to be transported, transportation

i nf or matnveitional theagtintizabioalof tr@8d tdrtiérs . as MLGCfot theaoinkgetationofppdd aidt i on
is al so capabl e of praovidi the data _.to a deling. system whi ch generates
the ni x@is}mifaé@%tfd?‘irﬁgﬁ‘t“gﬁg%& SORFRCAYFAHBY P .rép*ﬁ?@' %‘%@Pxi ncl udes an obj ective

f upgdqyon for ;b ihd igkcardhlealith i@t pRB&Ed itV ehtn, tHrcollbdtinBlsth Frtiter irRldlkes
incurred cost). and a plurality of constraints based on the collected data.
The appeelieciing dats gelpting todesions Fanspaitatiop inopNaiom n§hia LBsNeFRIRD IndormsEon xed
i nt eger .| J,Balse: M1, b dN&idla Fith Slovile QRS MdHR&Ke locati

tr anspo?lédg?lﬁg{r?egggeglgil onsgg%@qgg%%ra f’<'?11.téfjsg (Iﬁ:I}lC u 1es aO usg.eér%Pédi spl ayef(())cra_1On

di spl ayiongnotlive Fes akansplafinfonmatin| nahistcotegonysiery mebide éstanagrabitiveanyvariguex por t

the results for use in other st.e la a.. t her. Ld ge.
oto1] Febme b Tpbrl Bt FRA G RS R GR AN ER caflesl DEfooh BT e
i nt eger ndutioglanilgs) ogaatiit ngscduaed giaen oshécit gpege. priah kiescaegoay selyicasompass

smal | er. conpanen roblepns, In certain enbodi pents 0 .i nprove .co t.ation
per f or nﬁﬁ%@g%‘)m?lhé‘{’%’geﬁaél Reof5es E‘i’rzg"ms OTUR% ShiE. r‘?fﬁy‘)ﬂﬁeltoazi"twld@daqome&%%ar ts.
I n t hesguIEbPEinBe Sclud@tdlRYE g DEAREESISFor dthd dhelpwdfdt ORadterst SUCAras ©Rr Wor K
on different portions of the overall method to speed up praocessing tine.

[ 0103] THEowH| (@i, dired gienditiegntias poe WoHdsqse @pckae &widls) 87 Gridp et doretien a
series gfr.simliler conponent problens. Preferably, to inprove conputation
performance, thie overall optimzation problemis divided into subparts. In
t h{@5knmbodi nianthe dabe ofipipd in@aine smbpiliment, dbe dlenspadisticnatonmssien piggory may
vehicl e/ v - t/di = s [ [ 0, al
and phy SR AR R B e LR AR BB AE SO G BP B o
deci si opat ldcsticed veleevergo Tanebeslasoiddst apl disnheigees Thhdrappindmatk sddreetioon of
voyages, assignnent of vehicles to voyages, and. . . . .

2010/ 128 GIBFE IPBL683568 feé’ﬂi’ﬁﬁ%?r X%%@‘F*’g;?ﬂ?é*ﬁ%mt\é&i%%lé( astnsiied ity this

di schar gec/vemhss dategsfl e} o iRyaeSeiyiehjosts Sindlading Wil SaRSaenelchniiags at ed
solution step so as to naxim ze the total Het, margin., It js al. orpref rabl e
to sol veosishingl igphqomisz Abrtae: sotsicemy(1BeY PREIS BPERY OSle3seetsdHEYIERAYE) as
at | easf; - OperPicksnt Nt €ger linear programmng portion. Two explicit choices
include the solution of the optim zation problemas one m xed integer

| i H8& programmthmg ipcceerdance ovitht esriginl apebadheendpef e Parspyrinybpn el lows

secompoB L SEIARNET IV SR TPt SO fubaupi e,

and mattheraliéctiag siep agayacaiiectguspoimpiosesresfrioion] sudh 4s assigvitngay ecr@meshacle dn

,E glgg][ ggeﬁtlg{%ta%lﬁggsu\}ppgal%gat%ﬁg orr %grlf!ilarqcfe fg)%ert}}ong iahc? 'spe%ﬁy”%@ %&pp‘l}rfl %ngun(gf%n% tﬁ&tearel:‘lsed
already fixed in the program in terms of volume and timing.

[087] The above information, collected in the data collecting step of the present invention, is

used in constructing a mixed integer linear programming model. The information above may be
used to construct the objective function or the constraints of the model. In certain embodiments,
information associated with costs (e.g., freight costs, tolls, fuel costs for a particular route, etc.)
or revenue (e.g., economic value of certain cargo) become part of the objective function, which

maximizes the total net margin or minimizes the total incurred cost. In these embodiments, the
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conpl ete set of | oad and di scharge |ocations (e.g., supply and denmand
ports) that are "active" in the data set (the data for the business case
bei ng solved). This active |location set, along with the |ocation use rules
(e.g., load limts, tolerances, etc.) is used to construct a set of

candi dat e MYV EEEY on (i.e. supply location) rotationSCHHPEH/ K no nore
than a specified nmaxi mum nunber of |oad |ocations in each rotation. A

candi date | oad location rotation is a sequence of one or nore active | oad

| ocations that satisfies the |ocation-specific rules/restrictions, as

provi degniamdehef ©:0he6kfidn CoMstddah Me dhad eollebringt i ORNCedo B EheSddRRtYnNts

| ocations, plus the additional restriction that each | oad | ocation can be
vi si t edo&the peLflnum nurmber of times in a rotation (preferably once). A
sig%&?r4ggpq§gg&gok§wq@&glto determ ne the candi date discharge (i.e.

dermand) location rotations. [0106] Next, the potential cargo quantity, for
eatiB9tar go tTiwe methodeelcthel pragnt doaniion detetnzinésoan antimézad hsetlios draasnyetatigreat i on
rotatio re d |1 nJ. i he. i np .a. for. I y | | ocation)
nd denbist iy T <oPAREEs {Blalthel P &b, Bk E BB, Yort? 0IRAAREEE
on t he manparédtion gthedelcesutlay pgrethist oéthsdac e tool foradbtkirtmiromg optimdrishemirtageh car go
potential is calcul ated that inclﬁdes t he inpact. f Iocg;lon ca acit¥
limits P8y, SUPPROPPIERUSTS APRitcs lqsaiansy Psu " MRERIAMITNERIGE 19719 8t¢. )
and ot hehidl®adsi@iméhits Pagkigen | Deat bpieangitsai i oné eerbodibésC isllogengd ahd

bl end- down tatjos% to reduce the potential cargo quantk%é for Igad and

di schar $féerrpnaien gk themenynation proggam.thy wethgh Piryiden thedengposion tehggdgr with

const r aiBtfoAdwihB EnfoRhtidn@ae )PAE tredsibid BENEIRS &rl QL RYohRsH| (based & fgfgced
cargo potential due to this physical constraint). The result of these

cal cul aeapenity, iets:), bdedRbitam onlrdde PHtagpiably ye¢hicles) (2) a recommendation for the

LoadRot gt i r G t ent . al 1 ) .

b1 schar SUISTSOREn S SBERERE RD &P (Blimey b peiet 8 s cesis ol brgh ath

Di ;sc?ar @sﬂﬁaggad iind)efnﬁh {h@ of@xg)geg%ﬁassigmmait;§ (\42 thetinoihg ﬁdngacéa I?batibndfesﬁtoﬂnlé@eaodtdd)ad
rotation, .dr" denotes a dischar rotation,."c" denotes a,su rade,
v derBiaischegs e Gl AR NN (g BedBRER Phrith sV a0 Phe
nexi Munotad MBEGRrdie £@: theidll hEoRTige Msipahdeyts; pat entthalflevioyhedse asd tihievard
conbi nati on of | oad notatlgns and di scharge rotatjons ?ge constructed. It

i s assubfsHions of tarm; ships| cAfdEPRsh oufmyhmpsh dnclugdeg stk feipht $agfe dOT €852 each

type (eyllicle/$dydEe &, afeonior) ProFilMORASEchMMShlyRdfdehdadd Mcacharaessdybiag- t he
voyage, the nlnlnunnglesser of the potential |oad quantu%é and potenti al
P

di schardgevngigtes ussoff gpp eatpick ppeepaskaging gbspesialtranspertpiion dpcatiens, pemagiion
otenti AlSt eal eul Tihj r Lak: .re hat

o ol A, RIS 59 61 e duls, R8T 08 Sk ok Bt

cal cul achaiuld for geehfveninkedoyagelpaandd wigrdpation.t he constraints (as |isted above)

to yiel d: VoyageCargoPot ential (v,,, vV VoyageConst.r Car.goPat ent i al (V. voy)
tom¥®presenﬁX§%§“ﬂﬁgﬁ HFB&Y%%QF%WﬁQéQh?Qxﬁgﬁ1?ﬁnl oﬁgﬁu ngQO%gmﬁn&“y
vehi cl etaneporgdop aletisiony agefsasgoiotienisetainay , indloye thes trdhspoaaibnbyoutdie(i.e.

R ST ENE R IR e

vehi cl go&aBRGhY YvbhBtnet arde otihd V& Rge e o @A%H VRRRNt dIRkLaticRYsIRE0ERI Bd e

pat T ngtfansported to demand locations (including timing, type of cargo to be discharged, and
tolerances), nomination of cargo pickup from supply locations (including schedule of cargo
availability and tolerances), and vehicle assignments for each voyage. Other relevant
information, such as economic data, names of various locations, costs associated with each

location, etc. may also be output.
[091] 43  Means of Executing the Model
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Rati oVCP(v, voy) = VoyageCargoPotenti al (v, voy) / Vehicl eCapkTon(v)

Rat i oVConst r CP(v, voy) =VoyageConst r Car goPot ent i al (v, voy) Nehi cl eCapkTon (v)
If the fraction RatioVConstgrCP(v, voy) is greater than a user-specified
mnimmutilization (e.g., 0.75 or 759, the potenti al e/vehlcle pair
i s added t&QHRYER#1%f candi date voyage / vehicle pairih g’“ $HGC3WP ocedur e
is repeated for each |l oad rotation, discharge rotation, and vehicle. This
results in a set of feasible voyage/vehicle pairs. For the vehicle/voyage
pairs that are determ ned to be feasible, RatioVCP(v, voy) is used to

i deow2i fy VOy&gﬁﬁaﬁlfbﬁ{boB@wﬁtst the op@ﬁﬁ@ﬁdrﬂheth@d isen URdrmiof ©cdrifferapplicatimor
exanpl e, Rati oVConstr CP zﬁi "vVoyABC') = a,i(:;oVCP ("v1l", "voy ABC4
2.3 woulht i Pt hdPnY |90nmur%gm@@sqr e ’fé 1Bt singds- Processef PHAA her e

i's suffpghandn C@hgﬁro‘%%s@x”hh?'be Qi did1itEnRRIE p E&e&%r uggd %o‘é‘!:ﬁ@r can Q13 For
each voya e/vehlc e pair in the set of feaS| |l e voyagefve hicle pairs, the

f easi bl eollcoten @ﬁdnt@m@hﬁarpg@e@@t& opmiecetsd (drecly datane srotheiswisp elsetiananf be

perforngdl a4 f%eg E&H&‘s%ﬂnec e 1ﬁ£}e%ﬂfg>gr g%‘d&fwr J;J%?a ° &t@ﬂﬁeﬁ%%@@r 9%0cal

Iocatlons voyage are cons
2010/12@&a9amwﬂuszmﬂmkmsﬂpoo i nformation (nonlnatlon) and demand

' t || ocat ' i f ible
volaL T hat "B FERRE ol ERthe bt PSR ab R FORR oy A0, | 0
: ocat i Oéht@(:tiﬂd\/ktbijagé Qire:&fb?ax?tleﬂfmg Ehm dith Evng%mﬁ%bernterﬁya?@gnw ;)r?idsg&dtlt to|I wdl ?ﬁd

ocatl o rt 0 we no apl e oa e
car go a@t%ﬁégalthﬁgﬂanp&e%noﬁ%ﬁ% R émﬁsﬁyfor mg\'f%atwi% © E)%F"fnﬁéq@fiéﬂt and
end dat @ﬁumlsbrbbevayplm ;pﬁﬁjca@@ﬁ Ban RE Ex84CH ahbdbr t&%@oﬂs@&ddﬂe&@@%ﬁx@rasttﬂé

supply at a second | ocation .g., port éPends fore the | oad w ndow for
t he supfaty caity and stergge indes Eace- o‘hltf(r@atgely, POERPAFnistnsise Kes@aesabigenivgictystem,

candi dag g coyAdsaNesuf) A HL0EHLSBINBIGR.L TRl SE (B0, 8 queshangt ed by

a count vari abl e, where n =1, associ’at e t1ons
(e.g., @uppﬁyﬂpbwtwnaumlmew@nw-ports) the result of this procedure yields

t hﬁ9f l | owd NheS gﬁa leal 1on 'cgrfrrrl%}l'is%g tci)&)enfha‘é'\'c{iqe:ifﬁlgs gﬁéﬁl&%mﬁ,%ﬂﬁﬁ%&ﬁs?g\db%a&r}l?odels,
(0] (0] e.

ng array exa
and calls upon an optlmization solver which is integral to, or interfaces with, the application to

solve the math models. Preferably, the code is written using modeling system software such as
AIMMS, GAMS, ILOG OPL, AMPL, or Xpress Mosel. However, the code could also be
written using any computer programming language including C++, FORTRAN, and MATLAB.
In one embodiment, the application is written using AIMMS and employs an AIMMS user
interface. Preferably, the solver is capable of solving linear programming and mixed integer
linear programming problems. Preferred solvers include CPLEX, Xpress, KNITRO and XA.
However, other solvers known to those of skill in the art may be employed.

[095] The outputs generated by the application in these embodiments are the optimal solution
to maximize total net margin for the assignment of vehicles in an available vehicle group to a set
of voyages to transport cargo from one or more supply locations having nomination requirements
to one or more demand locations having various allocation requirements. The output can be
exported and saved as a file using any of the data entry and storage applications discussed above
(e.g., Excel, ERP, BDW, etc.).

[096] In one embodiment, data entry and storage is accomplished using an Excel interface and
the program is written in the AIMMS modeling language and calls upon a CPLEX solver to

solve the math modeling problems in the program. In this embodiment, the program utilizes an
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Feasi bl eVehi cl eVoyagel Event (v, voy, n, p, | Event)

Feasi bl eVehi cl eVoyagedEvent (v, voy, n, p, dEvent) In the above, v denotes a
vehi cl e, voy denotes a candi date voyage, n denotes the |ocation sequence, p
denotes th i (e.g., a port), |Event denotes a | nd
dEvent dengvégﬁg&%?gcharge event. Each conbi nati on of vggﬂygﬁighP @ent t hat
is feasible will be assigned the value of 1 (one) in

Feasi bl eVehi cl eVoyagel Event (v, voy, n, p,| Event), and each conbi nati on of
vvoy-n- p-dEvent which is feasible will be assigned the value of 1 (one) in
Feasi bl é‘IMM&inMyagndmﬁm( md\mgzplm Phatiewdistchn ththée imfsdasidik.g., cxpicdat i ons
wi || have. %ﬂ %i 1 g ue .of % ?ﬁg The results of either of the above
functi of¥®! 3 §r'él égﬁﬁﬂﬁﬁ?ﬁ @i fensi onal array or other matrix. [0108]
4. 409 Suppl EI(NOIﬂﬂfIlﬁtrh@m aOpdskiiiez altdrtioidul @n, H LO&] dillea ahaietiny QypldRtion
generation prqcess results in_a set V of all feasible yage optlons Each
parti cufaf k?@gagr T8 HPeTonf B eiodof sFEihEnbedmens 0@@? ety shpwdng or

al |t heyyRyaaeéYRBI &ldEcaRAldidn ehdifes! O aldr 05 Sﬁgla'i%rgéﬁeduhé??ﬁ’abh@'lﬁmﬁlgssg)ata
ports), and |oad events/di scharge events. %\ m xed-integer |inear

pr ogr antichigingsie periginitigsin ineaiPTy gosdiian, pofuctignt enFIEHios, Seighteogs, eig.| The

f easi bl £ I

ool v B Al Bhy 2 33uik T E 18Ende 18 AT Y SHRAENAR pr ek, s

| i near M@gso&nﬁmalj fbdghta msoulrpu egesicdmtob) @pﬁmizeticﬁruﬁngiim@ et, et mixad 1rmeger ts
terns fhe total revenue 198 % t@d nln%s p $ heur r d for ﬁg E V
The sol TGS RGBS PRSIy VRED g it 1R SHaRi0oR o atted KadisRy R SRRt i on
schedul ppgxahi by dbteminBigheshlof , vosugds 3‘&511 @msp@tmg)uﬁ@s apil .assigniny ageslps trhai

maxi m zes tq otal net .mar WO 2010/ 129419PCT/ US2010/ 033200, [0110]The
net mar§itHeter gt o it tc%%lr 1L PRI ©Bt MoterPRy SPROUPETIHNG RnEmige dail be

present geudst Nkt).= Rﬁé resu!lt@ wwiBET &nNMien @RI @R8I Sinkh@e NBle FBJoeHnnbd 2
voyage optlon Vv is the total revenue generated by all the

voyagesVahif @/1@9%}@@/%19@¢16& sehedulg, mygetoryCprojestiente apdogier @@@@szeﬂ reanpnosiationy al |
of the &»mgsm&eyc%ﬁ@ﬁag%h 80 d%ﬁltayé’d to-grﬁ‘?ern@%? sprdbRER, SPLugEhd or the
particul ar voyage option provi di ng the max m net profit margin.

[ OI028] | n t hiAccprtingly,uingrembobioatinbrefithe mmtlmb}sem;ltappa‘am repabtnofheascudingitsd on

vari abl e be. three. ar FEAS 3 e
vehi cl e9p§1mlzat1og%emrlosd)s & r1b E}Fre\?e h?@%/ 3 gli%ug (‘18 S a grogessmg dsevwe Selected

Feasi bl fedre hi mh@&’@y@g@ﬁmﬂnple'ﬁhema{mpro@asscbr@ Cbhmactddndi&btljb t®ghaamthg, oodel

will contain the sel ected vehicl e/voya airs fromwithin FEAS SV, and to
these VBHPERerFeyTge SikF PP GRnRT<red o B i e R o proR e R e Revent

t hat areneSep¥iatRhIN fblufes&BE RoMpXaOR0adling Mplidation for the optimization of marine
transportation scheduling. Further, the apparatus includes a data entry and storage application
that is either part of, or integrally connected to, the computer application, for inputting data
comprising, but not limited to, the desired voyages, the available vehicles, and the planning
period to be optimized. In addition, the apparatus includes a solver that is integral to, or
interfaces with, the modeling application, capable of solving linear programming problems and
mixed integer linear programming problems. Further, the apparatus includes an output and
reporting application that is either part of, or integrally connected to, the computer application,
for outputting the results comprising, but not limited to, vessel load and discharge schedules,
inventory projections, and margins. The output can be displayed and exported in a spreadsheet
or other format for use in other systems.

[099] Generally, as shown in FIG. 2 for example, an apparatus in accordance with certain

embodiments collects input information (e.g., location-specific data, information on available
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[0112] 4.4.3. -Voyage Freight Cost [0113] Because each voyage has now been
pre-generated with a known sequence of location visits, the flat rate for
each voyage nay be calculated (as in U S. Patent Application No.

12/ 285,651, entitled "Systemfor Optim zing Transportation ?chedul ing," the
entirety of UMWY i ncorporated by reference herein aB§T/H 20199982 asel i ne
cost for a voyage is the product of flat rate, 0.01, the Wirrldscale rate
(expressed as a percentage), and part-cargo mnimuns. These val ues are all
gi ven or known. The additional freight costs (e.g., overage and denurrage)
w || bevedtled)lcadge dvalabilinginfdieated, ideinZad teqiiratep, ctbgcabisdnfohes®ndepeddo upon
t he outcone of, decision.variables (e.q. he ?heﬂijl e f1 vehilcldes, di
quant I t 1968 BTTEAT JBCEGatEE" SHETTEERAEEE) Bedel) Tiopedsl . pived plckding
Gener at ggtinYoy@gasut\hiohhitidnh®1, @t lafd 03t éogb MrAShtion %.g., voyage route, cargo Epe

, 01151FEAS_SV, Feasi bl eVehi cl eVoyagel Event, andFeasi bl eVehi cl eVoyagedEvent
(col | ectnd@nguntsgs wipplydominagions, pied vehiele psignmesyts af hepg Suipuseniniéet hevspaee of
feast bl & ¥ BYA0RS @GRS W PhPodtinlibd AARLRRLAn ¥AYAGES (e 9., | oad and

di scharge activities that “can be perfor y a particul ar vehicl e/ voyage
pail@n00] The ophd mirgsanti anventdetelalswomtayides &i rraparatdeclosi aptinvaing abl @eratityaol't ake
the value of 0.or, 1 to denote.a no or s.deci.sion for t feasihle

opt | ons PR ke R U PRyt FRUETE R BDchPedforl FARL s
Feasi bl p\ehitcbeioypgetby eciicled, nllodabien ofurgsto Behteanymyedeo gener mbicalenshdp
defines the set of possible_ actions, and the m.xed. integer |inear program
opt i mi 25 A PKTS OL e OB ASop Mgt PP et A PP ey £ e
nunber  gfilch@siSipplication T RAbitRSI0f reRURPlytht 06abi 08 sapsly desaand, teGat bpns
can be very large, the nunber of possible voyages generated can al so be
very | afge dgmpendr eqtiony the pduraidty rydransparisfion vRREHsi (B ceigone bapennsported,
2010/ 1Z@é&%gfrg{{om%@m.&gﬁ?’%%a&ﬁ&ﬁms&ﬁﬁéﬁs-. eThi¥ 38! BlledtoBUpBricapbR G his@! ) »
the procedure used to et erm ne FEAS_SV, Feasi bl eVehi cl eVoyagel Event, and
Feasi bl eeblr oif pvoypdige diRvdait teermedsling eysten adiichr grnerates the maxest atege Yndahe

m ni nu ;;q‘gﬁg f _feasihle I 1. QNS .1.: . : t_al so
si mul tgﬁ{g us fn%én Ocd‘(%fir'rprﬂ[le?1 emnéﬁggﬁ%g&c?ls ?dﬁc?bﬁggwg?fﬁﬁc%lﬂ{éqgrpgl{ag%ggl%{%gat {Bga?eneﬁeeded
t 0 genematgtn &t foptmiinializingra to&d iinsurpet aost).[ Dl 16 pludalidy Bf cdestramts basthen the

bj ective Functio 0117]1n certain enpodinments, the m xed .integer |inear
ot bgr antfIREERtET TEbA R EIEHOE B oE S eP R Looybia s SR ucseh

pr oduc eliraP Pidioiainiaf nklb €slkire a8l séﬂdf@Fﬁiﬁﬂz@dil trafdpeation, deaBidns MhpRbpFatiOUt €S
(i.e. v.oyaaes) that maxim zes the tota nﬁt margin. In these enb qi nment s,
the t ot &PlUARY 2 pigr gliwplaelndiselayre Berautts shtheuRbrT dhe uiteanddig capiStitydd gi n

may be 8XBresS@thitsithy st fn Sth&idy&shs LA Mhreadshbli®r s Rikapbie net margins for
each vehicle/voyage pair in a'transportation schene. For exanple, the total

nef01f8r4#n nEhe Ipdutioaginginent ed by

[0102] The solution engine can solve the mixed integer linear programming model as one large
problem or a series of smaller component problems. In certain embodiments, to improve
computation performance, the overall optimization problem may be divided into subparts. In
these embodiments, various processes in a network may simultaneous work on different portions
of the overall method to speed up processing time.

[0103] The solution engine can solve the model as one large problem or a series of smaller
component problems. Preferably, to improve computation performance, the overall optimization
problem is divided into subparts. In this embodiment, the application first determines each
feasible vehicle/voyage/load-event/discharge-event combinations based on temporal and
physical vehicle/voyage constraints (e.g., those in the transportation decisions listed above). The

second step involves the optimal selection of voyages, assignment of vehicles to voyages, and
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NM=Rev - IC=ENM=E Rev - E 1C(Eq. 1) where "NM represents the total
net margin for a transportation schene, "Rev" represents the total revenue
for a transportation schenme, "IC' represents the total incurred costs for a
transporta "Ei NM'" represents the sumof each . n in for a
each i ndi V.R%‘ﬁé‘lﬁ’@’é’ﬁiﬁ’c| e/ voyage pair in the transportatl ﬁT[@EWg(ﬁ‘é’gmoEi Rev"
is the sum each revenue earned by each individual vehicle/voyage pair in
the transportation schenme, and EilC is the sumof each of the costs

i ncurred by each vehicle/voyage pair in the transportation schene. 0118] The
i ndi vi dopimaledssigrangit n5loagyvdnes z&l)dphsﬁhﬁ'gd-ﬁvalisrm|S§llﬁctaEde|ageSF\&?hE>EHJBSfE@MCﬁtkle
vehi cl e/ voya nus the incurred cost, of the vehigcl.e/ voyage pair,
shown albgY ieehited oA rct 1l TRuCHES Sy o EFURR R ef ghe e JETghle .
spot vegsied tlﬁ@%bﬁm%ﬂoﬂ Pf e‘{rﬁ%ﬁeﬂhe \6806RM St dpO8dsEribedi arbvseéyt&sryt Rt tonB aREd
costs, and inventory d costs. [0119] Revenue namy be determ ned as

fol | owsINt¢ERE hﬂe@ép@&a@amvg)y%@n@m Wél%alilcrwe@w%éhe spliiog|0é theapFigizeton ar e
not sel gheeh MUSHe PRLA [RS Bat pRBYanGRng Rortidh! dr HRYISe B} FHoiaRsBh Sropuant i ty
of car ggﬁ)t hat 1s Ioadec?%ﬁd dlasg gy g‘ﬁ 1 orr eac% de(?r’gnd i g{l on and
segr egabY éWOpmpmng the\pephlem ity aberlqsauf @mm@resdbipa@éﬁmrlso At tsr@ésoazmlrit: tofmodidy go
dlschar L0 S g e val ue of
t he disc p?ilffi tcar]%? gmm%x%m %r apegig%h%e%hg&egﬁ “%ai%gfg 8?Qc%{§§ﬂ<% a 1S?l%ach
demand b@uams on / segregation pai r may be expressed by WO

2010/ 9PCT/ US2010/ 033200 | ndRevenuer, DL, sEo = unit value of cargo *
iogﬂ%fzgjlan%wtgfé%n °1380Yhere " | ndRevenueToDL, SEG' is the revenue for a

gl waost ype ofuppdr Goul dita ahd BequatinbeUl.ar ddneaf ot {4k lraidd (tSEGJerhmeahe
particul ar segre ation, "value of cargo" is the economi c unit val ue of the

par t i cuf&PIEEPES {9Adeand dincharesrggatings é‘%(%)r BOBBPIdLlemand Pt Hshase ‘Betvev st une,

uni t  CUfhE @BGEY%PAEc dRSRHr tlférbdéﬁb§s At BIICAOREY. my Jchvélé@&ho%%epg'@ng%dh%e of
crude oil for exanple), and "di scharge anmount” is the quantity 0 car(?o of
type "tlpp¥iondisseHet yedd lowd bméagpletpacisopic) SEGCd4e consEaet st @Dlzandldmeloa

di schar t Iqt f Y,
the di SEna L2 eufl |RSLEREREERL N NV B, g Mool dlexlfl EhRR:

[ 0120] Tdsfeloercblweenms ﬁmacleanhlomyA@aMdaaabng 1caaticmaotatid1eimmdqlh@cabf @’ or snosaimred

R Bl o Sl PRt L s L R R e e gl

as

| ocat i off§Y® T ot al
net reveilideed osnstrhiat ddtans Ry st dranors SlyPifElocations, plus the addmonal restriction that

each load location can be visited at maximum number of times in a rotation (preferably once). A
similar procedure is used to determine the candidate discharge (i.e. demand) location rotations.
[0106] Next, the potential cargo quantity, for each cargo type, in each load location rotation and

each discharge location rotation are determined using the input data for supply (by load location)
and demand (by discharge location) by summing the input data values based on the nominal
volume and upper tolerance. In addition, a constrained cargo potential is calculated that includes
the impact of location capacity limits (e.g.,. port draft limits, port-grade maximum cargo limits,
etc.) and other load or discharge location constraints (e.g., discharge port blend-down ratios) to
reduce the potential cargo quantity for load and discharge rotations (e.g., a load rotation which
has a strict draft constraint at the last load port in the rotation may result in a reduced cargo
potential due to this physical constraint). The result of these calculations is:

LoadRotationGradePotential(lIr,c)

LoadRotationConstrGradePotential(v, Ir,c)

DischargeRotationGradePotential(dr,c)
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[0121] As stated above, the incurred cost may include freights costs,

i nventory soft bounds, and inventory hold costs. Preferably, a m xed

i nteger linear programm ng nodel in accordance with the present invention

i ncl udes a e freight costs and the inventory S osts in
its objectswagﬁﬁégtlon However, additional costs may b é@%ns#@%i@g

well. [0122] The freight costs may vary dependi ng on whether a short- term
vehicle (e.g., a spot vessel) or a long-termvehicle (e.g., a termor
charter vessel) is used. Freight costs for a short-termvehicle will now be
descri bed usDmgmtgﬁkmumnﬁmBnﬁﬁth@pmkmweﬁg&I Not wi t hstandi ng this exanple,

however hau rstaod a SI | ar . proces be us

other -1 et B Hehelinpipt EieBh Seniriss d Puef TR % Jli Gy et
vessel , “Phenbleeh g¥Hicls, st tHBMIdAR e Cfatgﬂqioteﬁﬂalﬁépr@@ht the afagnuth RinAAITRe.gQWEr age
rates, denurrage rates, or other vessel partjculars. such acity
deadwei §hens)-i kinglly, @pientialionpges Authe combEeier af fo thZotatipng apd 3}%“&%%&0@1898

singl e sRQbnMReRE! It E@é’%s@ﬁecﬁw tﬁﬁ%@@ul@b{of @03 KIS ohr 3P anug':)’oadem%@ch typd?CM n
+ OlTonnage * ORate 01) * 01 + DRate * DbDay

2010/ 1264£19FTTHY lg@zl@)lom 03320E° \mér e Ty slisdhaygqd: d‘ﬂl‘(§18t the Wégeg Hhe sygimuppr g
parti Cu¢ ?521 cf‘ﬁ RPlyeY §OS[§1§ al %g)c*u it %ngg%t fidh cﬁ?c\ﬁ?r%?g@ax(t\{ Yoo ﬁaca%é Sf Ea?%o cally

voyage rate rate voyage is typi
in U S. (edpl dradesgrpds) it een:h pnsmalevdyaget iestrperckietlatadr [Tdssceu pcatréiabwpreegsfed as
a_perceJ

LA PCM n" th t | 1 d
i ot onbyt By enbunt Re'cGaPRE B rlRall LR, AP RIS Yuf AIERGSF g C
WBRat e, perfdbnsdagrand sithde theanastafinte @k fisted bigwe) tohgel®CM n, " DRat e" is

denurrage r i call xpressed in thousands of U.S. dollars per day),
and "DDays"aY%W’%ﬂéEB %%m ¥ Y@%Ys in excess of allowed lay time for which

denurrage Ch@éﬁ@@c&ﬁ@c@%bpgmﬁﬁggS@?@ [0124]In the context of a teiili
vessel, ’cot ?eei\or;srer?tl %I?et rgggt;[mrga cargo tonneygre]:Ct(el ; ,n 13 f b(;Jnr5< efror f'a%l e\lehlcle/voyage pair.
VoyageCargoPotential(v, voy) is divided by the capacity of a vehicle (e.g., vessel DWT limit i
kTons or alternatively the part-cargo minimum , in kTons), to calculate the maximum fraction of
vehicle capacity that can be utilized for each potential voyage/vehicle pairing.
RatioVCP(v,voy) = VoyageCargoPotential(v,voy) / VehicleCapkTon(v)
RatioVConstrCP(v,voy)=VoyageConstrCargoPotential(v,voy)/VehicleCapkTon (v)
If the fraction RatioVConstgrCP(v, voy) is greater than a user-specified minimum utilization
(e.g., 0.75 or 75%), the potential voyage/vehicle pair is added to the set of candidate voyage /
vehicle pairings. This procedure is repeated for each load rotation, discharge rotation, and
vehicle. This results in a set of feasible voyage/vehicle pairs. For the vehicle/voyage pairs that
are determined to be feasible, RatioVCP(v, voy) is used to identify voyages that have the
potential to be used more than once. For example,
RatioVConstrCP("v1", "voyABC") = 1.1
RatioVCP("v1", "voyABC") = 2.3
would imply that the pair v1/voyABC is a feasible pair, and that there is sufficient cargo
potential for this pair to be used twice.
[0107] For each voyage/vehicle pair in the set of feasible voyage/vehicle pairs, the feasible load
and discharge activities (or events, or tasks) that can be performed are determined. In this

procedure, the load and discharge locations for each voyage are considered along with supply
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consunption rates (while idling, ballast, and | aden), net hire val ues,
bunker fuel costs, port fees, or other ship or port paraneters such as
vessel capacity, deadweight costs, or tolls. Using these considerations, a
freight co ingle termvessel during a given vo guence
of voyages%ﬁ%%ﬂigggépressed by FCostTrrv, vov= fuel consﬁﬁgﬁsgmy%gﬁﬁcost +
fees + tolls + nethirevalue * NHdays (Eq. 4) where "FCostTrv, voy" denotes
the freight cost for a particular termvessel (TV) to performa particular

voyage (VOY), "fuel consunmed" represents the anmount of fuel consumed by the
telin vedeelatios(monliyationpreisicednd reqrisemengs fabeeation)ip sdengfytnesyiblaayatabes. dor
functio e _dj r . ed L0 . .
reIevan?mﬁé%%g?gg%gé?ﬁgﬁo%d§¥3%%€%P%ggggngﬁgﬂﬁ%?{a%%gégg?ﬁgﬁgﬁaﬁgggmhy t he
vessel usivéty Ifyr tatfoesisedion nAffothevopedermay tightwo'bakmtationdk.gd @srt anfpllbeed
charged, by t demand | ocatign sych as port fees,, "tolls" denotes. any tolls
Fequt r et B P e ss BERbls W iR Sk Aibest G gy T SRR Toder

r epr esepigent thhietheatarhaddeendoddie i SBE chiRkRW)datad rd fih ttieit Mhe/RAH Gligdova Ry the
"NHdays" denotes the nupber of days the tern1vehiql§ i% ;ﬁle. 01251The net
hire vaftRebiErit e OsHEvLC fayoBd) et bear Pl HEITY [97E0® SEIRAY Attt m
vehi cl e)csi ASE YTeert (197staf¥ BRCAGE kadtitaR At WHSIEe 8854 GFREd 5Quinde)Pb&@kisuoy age
in a particular trade route. The net hire val'ue can be used to represent a
| ost opfF + dasigngtedi by iarngunt vrsiablpen wieee v ehl.A 8, i-sN) dideassqaipteigcetionn (e.gher e
can be [t fuel [ i i 6l I agt.e [ nd

t he ass%%ﬁgigﬁﬁ%gg (%gﬁ&%ﬁgggdggzg%ﬁ¥ﬁg1ﬁgtﬁﬁ%%gﬁzgﬁﬁg.ﬂln%pgégls&%%o?he
est i mat mforspoon, walkhohay cerpresatpel byabt followingemays fagexdaniple, one can cal cul ate

a cost for tern | C ide.ti as shown.in Eq. 5 below This
considerati&%m%hé%ggcggéﬁﬁﬁﬁé’ngqu*ﬁpgﬁgngbjective function (e.g., the WO
2010/%29§19H@Eﬁug%@m@kﬁ@g%&@Fa@uambgnp&Q?eﬂgterﬂining netdnargin), for o
exanpl e including the following fornula in the incurr cos ermor by

i ncor po@aﬁﬁen%oaeaﬂ (FP14PS £ eehiclontvaY EGIOtES f oSN OXBEY &) SenpfiS ghsdgcation
embodi NRRLce N EntRSe 100881 10L., BEOL HvehQdenbld@a MR cbédt Cand@iB¥8nt denotes a

FCost Tlidlerv,voy = idle time * (net 'hire value +

i dl ef uefischerasuavert oRachoeamytimgion ) v-yoyEerp-IByent g ¢ feagibler will b assignsd dBent s

the idl falld 875 48 inlH siﬁl@?@hi&l@(fg#a\étggﬁr\rfgﬁtg\g%o}\@ bR ,fa%rgwpyo@@&?&\&m y-

"idle_tinme es the anount fticul’ar’ termvehicle 1s idle
( expr esewen-priEventr swioich day s ffasibleexwmith| &), asnigtedhithe waluge"ofdehof@s) t fre

val ue t. hi ¢l e ) uni t tinme, and . dlef .consu i,on st"
T e S
parti cudefiault eitwa ofehizetod. Thé 1e2blsLoff ditheghttthe alsdve ffanctioachay pottowedss almilti- t he
set of %eashbl vehicle/vo¥age pairs may be cal cul ated using Eq. 3 and

sunmed HPERSIoRY ALt QLI Sy and al | voyages, VOY, to arrive at a

t ofoabg|sPeL. \RepBINdhiBhedH OpRakation Mbdas | y, a freight cost for each term
vessel in the sét of feasible vehicle/voyage pairs may be cal cul ated using

Eq.018and sukheslosyagd geneistin prsesresultsiy a sshtjobel] feodhlagerasegoionst o arrive
he torar Par o e ORR Py ol ol bR e R Al 06 arri ve
a t ot al volyngdi/ghiclepests, itsTheationtsedueceg loghtions ¢s¢., parts).tand fnad pugntdidischerad as a
termi nevten S !Axnrﬁg(re i eg%(r)ﬁ}leag' %{o@ra?r{m{[nrg] (rano%lte)i i§ tein\{lf'saed]c g r(])%%i- PR -within this set ¥ of

all feasible voyage options to select the particular voyage option v that results in the greatest net

profit margin. As such, the mixed integer linear programming model comprises an objective

function that has as its terms, the total revenue generated minus the cost incurred for each veV .

The solution to the linear programming model provides a supply nomination schedule, allocation

schedule, and shipping routes (i.e. voyages) that maximizes the total net margin.

25



[0127] The inventory soft bound costs may be determ ned as follows. A
receiving location (e.g., a demand port), nay have segregation inventory
limt that have both soft and hard bounds. The soft bounds nay be exceeded
for a pri CQy ?0?0/&29919 as the cargo di scharged remains wi}jhip %%3gﬂ entory
har d bounds(?or a gi'ven segregation. Accordingly, these cos%s may be an

i nportant factor in the incurred cost telin of the objective function.

I nventory soft bound costs may be expressed as a function of the cost to
exceed the soft bounds, the anmount of cargo provided in excess of these
bold8] and Thenes olatgibbureash afitemetiondss s¢tiof ®oyagh apiéonismentor e mresshtedas and

maxi mu Usihg ese c iderations, an _inventor ft bou t. for a
par t 1 curdiv VRIS ISR, P SR nch Bt L&Yk S ot B a8l by

| SBCOSt e t&HGe7n@X gafBat&El104! the 0OBked i voyaRP(id0set 6,)and YO, is the total costs

2010/ 129419PCT/ US2010/ 033200 where " SBCost or, (g G .rep ea nts the

i nvent ofyUEet Ry iRfrie Tyeeeste voxgp APl ar Theale g&tb%w@ﬁe EO&SQ? parienay
demand {8aa¢ bRdn(Pedviding ¥eSfskimamaRt pofPhegANt S t he amount of cargo in
excess of the mni'mum or maxi muminventory bounds for a particular |ocation

(WHNARl may i1 thigrnertisalag embadinieat thyf objeréiva mieken Bes decisid wirsblhafyedachall t he
soft bognds th ti eulrar ol,0cat ihon), « CO to ok S cost

associ attﬁgd [}g{eeunﬁngggrg%ﬁé%cg{e/di ?%’hg)%e s%??‘e%ouﬁ%s (ﬁ%ﬁg%ﬁé betpgﬁs\)/)’en in
U. S. doF¢aaibé Vsbiclayyegatlaregt , anfl dieagilaMpliielpVojagediBicThe Thavelntior yo doflincgounds

d |l .d | | . . i ,
The. t r aeBapRRY EioBRl @nteif RO R eSS BL ARS e R P RITA S el "

sum equa ory’soft
bound cmwsthesef @hictdt@yhgapsifingd at wibinsekeh erElpadviid tischaygel ¢vehtd rthatiane bardieed i n

t he incurged égst term of the objective function. [0129] The inventory hol d
costs mEYNIBEAANFRHYHIRIPHS t he product of the average inventory |eve

nufgai Py 4.89. byojaberFR@diceg cost (which may be given in U S dollars per unit
exanple). This may be expressed as the foll ow ng equation, for

ox &ﬁgmef | RS 8HstcogEPYsEs ot A hesh dhr-apratechyithiangordsteaEgee pf 1999490] The
i nvent ofy Qb GOSHe TBY e RE SHAPR VRS cabllald@TRNeh 10§ abd 10N SA pffleatidN o,
12/285,651, entitled “System for Optimizing Transportation Scheduling,” the entirety of which
is incorporated by reference herein above). The baseline cost for a voyage is the product of flat
rate, 0.01, the Worldscale rate (expressed as a percentage), and part-cargo minimums. These
values are all given or known, The additional freight costs (e.g., overage and demurrage) will be
calculated during the optimization step, because these depend upon the outcome of decision
variables (e.g., the schedule of vehicles, quantities of cargo loaded and discharged, etc.).
[0114] 4.4.4. Use of Generated Voyages Within the Optimization Model
,0115] FEAS SV,  FeasibleVehicleVoyagelEvent, and  FeasibleVehicleVoyagedEvent
(collectively referred to as the “feasibility arrays”) define the space of feasible voyages, and
feasible utilization of voyages (e.g., load and discharge activities that can be performed by a
particular vehicle/voyage pair). The optimization model contains binary decision variables that
take the value of 0 or 1 to denote a no or a yes decision for the feasible options defined by
FEAS SV, FeasibleVehicleVoyagelEvent, and FeasibleVehicleVoyagedEvent. In other words,
the voyage generation step defines the set of possible actions, and the mixed integer linear
program optimizes within this set of possible actions. Because, in general, the number of
possible combinations of supply locations and demand locations can be very large, the number of

possible voyages generated can also be very large. In order for the method in this invention to be
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segregations, SEG in the transportation schene. This sum equates to the
total inventory hold costs for the transportation schene, which may in turn
included in the incurred cost termof the objective function. [0131] Each of
t he cost t@f{;rmgi@ggﬁi bed above (represented by Eqs. 3 -pdluSRYo®sesumed to
arrive at the total incurred cost (1C) for a particular transportation
schene. In other words, the total freight cost (for both spot and term
vehicles), the total inventory soft bounds cost, and the total inventory
hol d cost nmy be added together to arrive at the total incurred_cost.

Cer t ai ncEpMidei ffent walty EXUsudEcHI): ofhemBraseHire t Hgde @ ettBMINENd FThel >
enbodi ”P@Jsﬁzlé%ﬁidléégdeggéw&@l' Eﬁcplfr%hsim@v&mcl@wﬁ emeﬁhgelggslsta efitidad fofansit

wor ki ng capital, go or vessel insurance costs, an | o0ss costs).
Pr ef er abéngrat¢ drdy itheommiredn cowberi of d¢agiéescoatbinationt Hdveeventhe prégedimgimustalse and

the total i.nventory soft .bound St [6132] t [ d [
subt r ach B FISEIRE By ReYE e MRhice Role PG Rhyre, BEUIS Oa%ER b
total neptimeAmgmimatibmplertai n enbodi nents, the total net margin is used as

th [ ective function, and_the objective function accounts for both
re&éﬁgiﬁérsd_ Wﬂ?@&?ﬁ’é%“ﬁ%@%&%di ngly, WD 2010/ 129419PCI YUS2010/ 033200
t hgg1aonst r ai Mt @ridiMcenhid@IH Shtd] @RCHixBE thtbRF Enbe GaiRarhMegGHSE] badsiiess @BH of

deci sion variables of the m xed integer |inear programi ng.nmodel. |In other

enbodi nEiteenstEaEs AicEbed rove (heradsee HienPRERs S REUE otat!ortricet W std  and
r evenuegy;s,iidioudesl @1 Ryaddd) HREnARINAS! ME tdtH et h@fkin. [P#RH cthbod@bnibanseen

that the raxim zation of total net margin will result in the sinmultaneous:
(a) redtotal inorwhergit biceees te adfectembntiien. ghte (@t netonargia may bh eepresesdnin {th)
reducti inEm o zat on of 4l ' foF _vehi Xi.m :
e o A
(e.qg., basmd Bor exemaetht kettimat msrggndApbe repseageeddyst s), (d)

reducti on/ m ni m zati on of voyage costs such as bunker fuel costs (and ot her
fees and charges), (e) maxim ze the utilization of termand spot vehicles

based oRM h@c¢onpargiNivve Mirei ghitc costs, (f) maxim ze theqtylization of
vehicl e class options by considering the corresponding freight costs, (Q)
maxi m ze the allocation of avail able supply to allowed denand | ocati ons and

cor r espeRgE RENPEH QA1 BRStoff ReBRRERAPIE attBhspodafod BohemBdutd @B BlcRisthzat i on
of inventory costS incurred when exceedi ng soft bounds and/or ‘when hol di ng
costs atotalimeante el@r 4 GreBsppNeican sthameedt®R ireraesgnguthe et ipayigH neoptsr fosath

ool Dl gl b ey o apsel el o el o s Yhearoe,
act ual | ehadefpdyege gaia iv theatganspartasivn Isehepreg EiReetlis the sum each revenue earned by
each individual vehicle/voyage pair in the transportation scheme, and ZilC is the sum of each of
the costs incurred by each vehicle/voyage pair in the transportation scheme.

0118] The individual net margins may be expressed, simply, as the revenue for the
vehicle/voyage pair minus the incurred cost of the vehicle/voyage pair, as shown also in Eq. 1.
The incurred costs may include freight costs (e.g., spot vessel costs and term vessel voyage
costs), inventory soft bound costs, and inventory hold costs.

[0119] Revenue may be determined as follows. Each selected voyage-vehicle pair (voyage-
vehicle pairs that are not selected must not transport any cargo) will have an associate quantity of
cargo that is loaded and discharge. Thus, for each demand location and segregation pair, revenue
may be calculated based on the amount of cargo discharged at the demand location / segregation

pair, and the unit value of the discharged cargo. For example, revenue for each type of cargo at

each demand location / segregation pair may be expressed by
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[0135]Wth respect to feasible nultiple vehiclel/voyage assignnents, all the
concepts described previously remain valid and the concept of net margin is
still applicable The fuel consunption is calcul ated based on the |aden
portion of ge plus the in-port during each voy I

bal | ast an any |%M§ portions ahead of the first |aden ggﬁgagngna&@etmeen
consecuti ve voyages, plus the ballast and any idle portions (to return to a
reference location in the principle load region) after the |ast |aden
voyage performed. Other cost and revenue terns are additive when applied to
a multiple voyage conbination. Additionally, the m xed integer |inear
progra u const sure that eac m vehi cl e
is pergykﬁgamPgTﬂﬁm%ouhp hu?ﬁ%ﬁ%%h Eﬁﬁﬁégghggﬁ i nation (mher@kg§zonbination
can consi st of one or nore consecutive voyages) [0136] 4.4.6. One Solution

Pr ocedur Q One apprqach, is to directl nodel using a,.general
pur pose ﬁf"% #4@?"%‘6’@? DLEG el rthep’feéf&t}uﬁ??ﬁ ?15“’%% P& r°¥ cHeg ET)[ 4 ’éarﬁﬁ”}aég (faﬂg%ger

l'i near MHOYHANSERY i9Rphfticaiat bepreghBoH, i“DEud 6T Bggd®RbERe ecSRERESuniAludN RO or
anot her M LP sol ver can be used to solve the m xed |nther | | near

pr ogr anA¥HE! LT SEeeiiPe (WHCh Ay B2 g1 R TS SR PO B3R 0 O BB 8t AVT erey per
Pref err gdSol Uhi QRrEl9GRIYNE, & @LQ&%@M VH&%Q@E L& 9111 FoPEQ f>e§l MY *@scqbbective

1

at generatlng an e?clent Iy aance set of solutions it elimnates
cert ai nameurd ¢ estbaqyantty afjearepof s ‘tivat dwalwgﬁtdwemegeegemls'égﬁqi'edtd@@bbem

si ze to“lgf ”prﬂh'cﬁécthhégl oluﬂ{ 489 ek ?fes?eﬁtmsx%lhﬂﬂé Has fOII Hﬁtsmgr%kerﬂb;g
general purpose m xe e er finear progranm ng sol'ver nay not uce a
sol ut i ofischaiga amouﬁﬁhmbberrcapmdsto%“pxlm@d&&rgm@umtne For such instances, in

certain applicati ons 9 e nmethod of th invention, it be
ol D) 2P GTESRBRRPT i P et srohaPRELt PiyioBek chried e e
sol ut i ofyppy, AT RES all Ruidibiteseetpatiel] SEE, Hdleddnavia edatiend) DIG 66 SiengankpdrRbomhi | e
still preserV| ng the effectiveness of tegfohfg\f;tl m zation. Thus, the follow ng

sol ut i offhABENEHS SERicAALE thic tPiabeet Roget GBREHAAEIEPRd. Each of these
So[gabipns may Q@te&l%e&bel ﬂ@%@&%@%éma@%m@e £APm 858, IM@Blor éof@boun&sh%nd
results of the nodel becone the basi$ for transportl ng cargo) or th ey may
bui | d upoenterdielbedstsr Paeferablye p itieadl ibsBeingir rEogramyming Bofihip pecerdapes Wil ul t s
from st he
rom ot e fhiod ALt ineAghh ke ARG 08 KSRl

sol ve) , olgendive lfum;hmndlébwcx&r sdiiivienal chytefmey hbtansideted aswiclit i on yi el ds an

ap i mat e .sol to the ori |naI nodel nd u I bound_t ar get
DRIBEL i T B R sy BT RE SemPain e b fO0s BB o FUIREY @R MGRRCOe,
si mpl i fyvactivar sionp-ta vdheclerpme) a te%ma)r\l:ﬁa‘,rwr @Issblt) isMedh Frdightcbesmfict d thostt | on
i nventory constralnts e ignho ) hbte t in cert ot.her . .
enbodi nHE yehiglenwill nave ﬁﬁaoeH%J Helps P coff B rve%,ssﬁsﬁf’wﬁe@nﬂa%/ thig
rendvedeatplt, héddvel,NEsHMRS B indBREBY tha a%iﬂﬁlﬂrlpfdoe@ thayBeC@e8 Sort bt tHRP obe a
much sinpler nodel, it can be solved (using a general purpose m xed |nteger
Ilnear1&ﬁ§@ﬂﬁﬁ?@@ﬂV@FSMAth either default or custom solver settings) in
ess t| [WelWy I a IS5 lts
offb’1 %]s rmd trlllge F\e%)(?%sfg{l t@ésﬁel Fﬁr%v{erﬁlt g?f?l@%tlnr}l%{ 2)9 t he ogﬁgocftpﬁte f%drjlctl on
val ue betdness, anvewger Wesopiennmr@m categs at totlazndvep%bvpddecsﬂcam sugpes ¢apadity, (or

high ta t). for eC|vefunt|onv e ' her
wor ds, 4%@“’%1%%@ eo? pﬁng e C?ns* “Ed qJTe %%r%%srt teﬂl’]rr egdgé%% Sg&'qrgéselt 11ngya% "
scenar i exprebéed bgol uti on from t h| S step aI SO i ncI udes a set of selected
vehi cl e/ voyage pairs (a subset of vehicl e/voyages assignnments fromw thin
the set FEAS SV, for exanple). For conveni ence, the objective function
val ue olt@Rt9RedyJ LERUEWSRaA (POMBnHelEnaEe t ORaR *@BI1E 0.01

+ DRate * DDays (Eq. 3)
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[0141] Step 2: In step 2, the original nodel (with inventory limts) is
sol ved, but the feasible set of voyages is reduced (e.g., tenporarily
restricted) to be a subset of the full set FEAS SV. The reduced set (RED
PEAS SV) c fi,ned to include only the optinmal voy ' from
step 1 (fogvrbegogor{p A RED FEAS SV(V, voy) = FEAS_SV(g,&a’\f?%@x J/‘F\é?“qeach
voyage that was WD 2010/ 129419PCT/ US2010/ 033200 selected in the solution
to Step 1). This greatly reduces the problemin terns of size but accounts
for conplicating factor that was sinplified (or ignored) in step 1 (for
exanpl ewhelee Fdosting pgotite freighdvostripr ¢ pagicnlai spos vessTHISY) o tbpafarmes vayags ol ved

directl it h..a..gener al ose,.m xed. | nt r. Jline ] . ver
usi ng eﬁmﬁ’ ggf gﬁ{ﬁf V8¥a¥ulﬁsat oy ggl’ﬁ?ﬂ%%%l?el?ﬁg%@ f&e@éﬁs@%&@%%@@ 11goes
not i nctUslelollite pbioh, WSRafis fheasdrkdt avaorbRtalé ety eypageedogsta @nsntabhle PEMIUT i on
obtai ned here may not, be the optimal solution to the original problem
However 18 Hﬁi Rarkeen iTHATE |<rypi:ﬂaﬁm%@@S%df@a%&?%?f@%t r@%%tﬁo?% 2 gleraen i
becausecipress@t bssd b&Serhde dthBe QIGHY, 20ToEnRE” {H8e @sPftatgormded the THEMin,
obj ective function val ue provides a | ower bound on the objective function

val ue fOPRetRe ivdeyimede wiolvripglly cepressed mifipuppads 9§ .51 doilass pgt 4r: andor e
opt i mal «5ghybi; t 1) Gmy SOl E{ YOUABE. API QNS AT €
consi der@g%‘}%é fﬁ@g\lgg?@ff@a&g eerx?%e O?gﬂg‘g&i EB'lConstructli on Heur%?st ir%" beecause
it consbeingesesacd.easi ble solution to the original problem It may in fact
be optinal .solution.to the i ghnal _.probl e t ot Sioh Sof MGk

gu (ilggl eed. %e%h%ﬁ%ﬁplgg % ﬁéno‘bejg%'clf% Szﬁ?@{ﬁc‘{%ﬁoﬁ?%g‘# ud fg%c?lg%lnoed Ines uee%) 2,
and | et cdslhpidBlrhteR (bkild ldéngibhflest,and ¢ados), netdriretshineg djuekdrifud chbstngtortdfiaesyal ues

fromste and step 2 (i.e., | ta 1-2 = 1 - 2 I f. .

ABS( Dol S TS OGN d ROt ESPHG 4BOBF bR Bl s Usioe disani y
smal |, tdheRecalons e aRligh| BstSt Bisingle fefn togept@ilgeinivas voRR®e o auguenk® of hi s
case, the nethod may skip to step 6. [0142] Step 3: The original FEAS SV
array i ¥OYPESBIERF GBTHE Ul | set of feasible options. The solution from
step 2 is provided as a starting point (or initial solution) for the
solution procedure in step 3. This problemis solved using a general

pur pos eFGos{Ba,viont degd consumed * firal eopt arfagsnigtodei-nethirevatiies* NHgayse(Fc il eved by
using a particular method in CPLEX called Solution Polishing for a
specified period of tinme. Alternatively, the problem may be sol ved using
t he def-abdrt “BELSKDE, jon” CPdRS thorfredghs pegi i e papeniaottrof vassah€TVIheperésml ¢ from

step 3 is.potenti al n. . mprovenent over, the sol ution,of step,?2 owever
P i s oSSR e e b Sipe I e Rl e Ry
this st@sdl sisuallyekpeeket On agtr@ftohihBVE ARM nayltierd Rintttonséfethe disependivgedon t he
time limt provided and the degree of difficulty in thﬁ m xed i eﬁ%r

|i near PrognamRt T?FB_c?é‘Id,Oﬂteﬁéel%V&P'R/%ftoﬁﬁy faeh pRsEr GRrepISH pPYy et Biptirh pd

sol uti ogy, BRfFRLE| LSRE B3PrebRB thi §7Ber! hBit -tod,frSRY nSIERSs 4ny $ed§%aﬂ§&l%5/rtﬁg- Let
OBJ_3 be the objective Tunction value obtained in step 3, and DeltaOBJ_1-3
i s di ffdamanddodstiemewch aspertdpgse cipllyedengise emoiplly spquared fudng e apssel’ aryagt ep 3
(| .e., = 3= | ) i i abl y
ol 1 Tebgs SIS eberkide roEentine b b SR (R S Tl SRR
case, tind ‘Détdapd denytesthic pumbersifelpyshe ton® v2RieR/i1d Riged 19PCT/ US2010/ 033200

[O Step 4., A splution-space.reduction heuristic ks, applied. For exanple,
nTEOT owi rEpe b Rt Yo Bn ey B 6 e i P8 gt RS
nﬁrrber di@fassirl]lh%d\(GN@QﬁSted{)etog:am ey assfgﬁeu tona F\y@y&ab‘ Obyuit ana forivulat epde3romy be
changed. This is euristic approach in that it js assunes that sone
por t i onthsrngt Rire S8l b e o Fgfﬁse@t PJOY OPPoFAINITY Syl A A
keep t hege 1HaGhiB6M Mt barlk ARTiATY c@hi&’g@i@n ahARgRId Oma feruheet vaiclt hed
voyage decisions. This is achieved by adding a constraint. which limts the
nunber B¢ assedinie épsiopage afdadrte thawat hiravalve. émaloges tPribhpdinpigdypotraligle t o
zero t pdeﬂlu\‘x?éé’ Eost %%lemhﬂég%é,'m@ can I:eﬁﬁﬁ@t@ S Q64 abedrR lVQfﬂ§1¥ ide Eih{%t?ils Shdw{ the
sel ection of “a voyage and”assocl ated vehicle assignment) in the m xe

i nt egerinlBEq&abelgw.ogitdammansgleratioie may Theeacaddeet toristthapbjectof fuhitondegp thakes
it is nore probable that a m xed integer |inear progranm ng solver wl|
converge to a proven optimal solution within an acceptabl e anmount of tine.
Let OBJ 4 be the objective function value obtained in step 4, and Del taOBJ
1-4 is difference between the objective function values fromstep 1 and
step 4 (i.e., DeltaOB.L1-4 = OBJ_1 - fBJ 4). |If ABS(DeltaOBJ_1-4) is
acceptably small, then an acceptable solution to the probl em has been
found. In this case, the method nay skip to step 6. If the allowed tine
limt for step 4 has been exceeded, skip to step 6. O herw se, calculate
Del taOBL4-3 as the difference between the objective function values from

e e ~ 1 1 ~A A AT /~21 — o



translated into a supply nom nation program and correspondi ng | oadi ng and
di schar gi ng schedul e, which becones the recommended actions to be taken.
The output (i.e. results of the objective function) fromany of steps 1 - 5
(but pref ervﬁp% /Hgg output fromsteps 2 - 5) nay be sel g& 920?6703@ tdser as
an optimze ransportatl on schenme. Thus, for exanple, LUSEP Y8t er mi nes
that the output fromstep 3 is acceptable, the user may stop the custom
nmet hod at that point and use the results fromstep 3 as the transportation
scheme. WD 2010/ 129419PCT/ US2010/ 033200 [ 0146] An exenpl ary solution wil |
now be demton lﬁ@dd&t@‘mila'ngmet-mhngirt)j fog ezarbpldi byeintludihg tthe followsn g farswolauini the

met hod descrd hed ahovenmin. elerenaeit o lables: L and Buwflidla, thgIpde!
renoves &t ¢ e (56%% R P%gaa% i'nvent or &N n accor dance
wi t h st epbddigb@y,ehe hbé&A dodshedrt deezhttbﬁthsmt\lﬁd v‘amerram m ze the total net
margin. As shown in Table 1 below, the value for this net margin is

$492, 000. Next, the vehicl e/ voyage assignments made in the solution in step
1 (e.g. FCM??IdYé%Ol,&J=e{dYéJﬁ§ﬁ@‘ (Bt vafe t8le RER_ESASmSNiomEsRY a[my. bpstri ct ed
to include voyages 15, 22, 55, and 143) are used to défine as the possible
vehi cl e/voyage assi gnrrents for a new nodel, as in step 2. This second

nodel , JPES accou

el R SRR RO b TR PR o SPRFESORARTTUN BB ORY
net nmargyagé (WO 51d¢ca_$1me” cﬁ@@@s 0@@ agwusthofwtinien a Tednticalar) termesehicle freidle

di fferepce betwenthetot net for, st ( t ot al
et o geverer R 5P e By ibifordl ik i ot ptaii o£A shlEsR i o
di ff er eqoee wst ﬁﬂma,l dnd(‘lidle. fusli tduisimptichetdsal richa@tethandle )fueltchesuntption sodtyter on i s
consi dered acce bIe and no furﬁﬁ‘ﬁ nodel s are run. However, if the

di f f er effO¥ Yt ec Eﬁ’fefﬂaf,t}"& ‘(as in the exanple in Table 1), the
Met1Qe] Pr ocegdreidi? dkteMr 3achl ot RegelStheRe stther @asﬂge Rahicletifolagds pa @iy be

possi bl e vehicle voyage assignnments is restored, but the OUtCP%t fromstep

i s usedoad@laiel pena @ ediumpicd everalstat vass poi Ard 2l Kp@ese W hode prrive at
sol ved, , ¥l ﬁdt Rssd Frélgﬁt%étms%ﬂ&%é a TREE Bost {FBLadd) ternd bés%elri@‘ﬂ’levs@i Sedsible

conpared to the value for total t margin in step 1, and t he absol ute
val ue ofehidd/woydi¢ parsemeebd caleuldted uﬁ%ﬁﬂy“ sbsummedheverrall hflml ‘teemhﬁ At esd and

no fur te?ﬁ oygg%g tg amgfg a% \;@ é‘gﬁ’}LVé%S nltf?‘iﬁhg ICB{ erﬁgcfoqall g?t:\ge%s_ez grfgig'lé%o%pt ly

smal | procee a sol
heur i stam:l ths tc&ﬂabmdesrsel frdightnodienay dred liefﬁumrmnelvﬂog&jhi@lt0|asri®odtwetdtad) rﬁmghagai n.

The solutio ield fourth total net r i whi.ch redto
the thi Pkt OEAICtHeel g % GBS %‘)ayg’ RR T frig ﬂ‘bfh:il lhﬂgfedn%?ﬁg eﬁn(
I f the gbjdchioe amegohet ween these values is snall, then the net hod term nat es
and no further npdels are sol ved. However, if thﬁ di fference |s not

&%

sufi2di ent | ylherimyentorg safhboungwgsty may bp deferpinersasfallens 4 jeceving lRFaioB agp| e,
there igsqdihndi o ?rrﬁimv@eége@%% Rot Mvehidty fidittiek ﬁhve%tth S0 SHdheAdBodnds Third
total net nar Thus o)

urth stéep did not help to reach an_inproved
sol ut i cwft Bunds IDHE beprerded forvimprien se dengf asl the r@angg rﬂy@hggwb rqmpenwa@n th step

4 in a hi ! te,
I 'E"

and "t e CRATAULORREL B hivhl Bperhliod hSedifia, BIE, SIS, BFn bEBAHRE
Tabl e Ifact&t EpthVahameredfcoﬁﬁiprm bfl tiet ogertiDe fifiretiemc énvdatedy B beurenasts\fadyuke
expressed as a function of the cost to exceed the soft bounds, the amount of cargo provided in
excess of these bounds, and the soft bounds themselves (i.e., base inventory minimums and

maximums). Using these considerations, an inventory soft bound cost for a particular vehicle at

a particular demand location may be expressed by

ISBCostpr, sgg = excess cargo * cost to exceed (Eq. 6)
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OoBJ 2 - OBJ 1 41,096, 000
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where “ISBCostpy, sgg” represents the inventory soft bound cost for a particular segregation at a
particular demand location (DL), “excess cargo” represents the amount of cargo in excess of the
minimum or maximum inventory bounds for a particular location (which may in turn be a
function of the amount of cargo discharged and the soft bounds of the particular location), and
“cost to exceed” is the cost associated per unit cargo exceeding the soft bounds (which may be
given in U.S. dollars per unit cargo, for example).

[0128] The inventory soft bounds cost may be summed over all demand locations, DL, and
segregations, SEG, in the transportation scheme. This sum equates to the total inventory soft
bound costs for the transportation scheme, which may in turn included in the incurred cost term
of the objective function.

10129] The inventory hold costs may be determined as the product of the average inventory level
multiplied by the holding cost (which may be given in U.S. dollars per unit cargo, for example).

This may be expressed as the following equation, for example.

IHCCostpy,sec = average inventory * holding cost (Eq. 7)

[0130] The inventory hold cost may be summed over all demand locations, DL, and
segregations, SEG, in the transportation scheme. This sum equates to the total inventory hold
costs for the transportation scheme, which may in turn included in the incurred cost term of the
objective function.

[0131] Each of the cost terms described above (represented by Egs. 3 — 7) may be summed to
arrive at the total incurred cost (IC) for a particular transportation scheme. In other words, the
total freight cost (for both spot and term vehicles), the total inventory soft bounds cost, and the
total inventory hold cost may be added together to arrive at the total incurred cost. Certain
embodiments may exclude one or more of these terms, and other embodiments may include
additional terms (Such as the cost of in transit working capital, cargo or vessel insurance costs,
and oil loss costs). Preferably, the incurred cost includes at least the total freight cost and the
total inventory soft bounds cost.

[0132] The total incurred cost is subtracted from the total revenue (as shown in Eq. 1) to arrive at
the total net margin. In certain embodiments, the total net margin is used as the objective

function, and the objective function accounts for both revenue and incurred costs. Accordingly,
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Step 3 $376,350 OBJ 3 - OBJ_1 -$116,000 Step 4 $376,350 OBJ 4 - OBJ 1 OBJ 4
- OBJ 3 -$116,00 $0 [0147] Note al so that the vehicle/voyage assignnments
may change for each step. For exanple, Table 2 shows the vehicl e/ voyage

assignnments for each of the steps in the exanpl e above. ws t he
voyage eacK YENVEPni 1| optimally undergo for each steﬁgﬁggzﬁh@mgﬂ t om

sol ution descri bed above. Each voyage will contain information on the
various |locations a vehicle will visit and nay al so include supply
nom nati on and/or dermand all ocation schedule information as well.

the constraints and inputs described here become the constraints and decision variables of the

mixed integer linear programming model. In other embodiments, the objective function
minimizes the total incurred cost, and revenue is not a factor in the objective function.

[0133] It can be seen that the maximization of total net margin will result in the simultaneous:
(a) reduction/minimization of dead-freight due to the revenue term, (b) reduction/minimization
of idle time for vehicles, (¢) maximize the efficiency of the transportation program by selecting
preferred voyages (e.g., based on voyage flatrates and/or voyage costs), (d)
reduction/minimization of voyage costs such as bunker fuel costs (and other fees and charges),
(e) maximize the utilization of term and spot vehicles based on the comparative freight costs, (f)
maximize the utilization of vehicle class options by considering the corresponding freight costs,
(g) maximize the allocation of available supply to allowed demand locations and corresponding
segregations (as appropriate), and (h) reduction/minimization of inventory costs incurred when
exceeding soft bounds and/or when holding costs are incurred.

[0134] Note that each individual net margin for each feasible vehicle/voyage pair is a calculated
prediction, largely because the incurred cost, which may not be known for certain until a vehicle
has actually completed a voyage, must be predicted.

[0135] With respect to feasible multiple vehicle/voyage assignments, all the concepts described
previously remain valid and the concept of net margin is still applicable. The fuel consumption
is calculated based on the laden portion of each voyage plus the in-port during each voyage, plus
the ballast and any idle portions ahead of the first laden voyage and between consecutive
voyages, plus the ballast and any idle portions (to return to a reference location in the principle
load region) after the last laden voyage performed. Other cost and revenue terms are additive
when applied to a multiple voyage combination. Additionally, the mixed integer linear
programming model may include constraints to ensure that each term vehicle is permitted to do
no more than one voyage combination (where a combination can consist of one or more
consecutive voyages).

[0136] 4.4.6. One Solution Procedure

[0137] One approach is to directly solve the model using a general purpose mixed integer linear
programming solver. A suitable mixed integer linear programming optimization routine using
CPLEX, Xpress, XA, KNITRO or another MILP solver can be used to solve the mixed integer

linear programming problem.
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[0138] 4.4.7. Preferred Solution Procedure

[0139] Although the pre-processing is effective at generating an efficiently balanced set of
solutions (7.e. it eliminates certain unnecessary voyage options that may otherwise cause the
problem size to be prohibitively large), a direct solution of the model with a general purpose
mixed integer linear programming solver may not produce a solution in an acceptable amount of
processing time. For such instances, in certain applications of the method of the present
invention, it may be desirable to temporarily simplify the model during certain steps in the
solution process in order to achieve more favorable processing times while still preserving the
effectiveness of the optimization. Thus, the following solution methods using simplified models
have been developed. Each of these solutions may be used independently as the complete model
(i.e., the results of the model become the basis for transporting cargo), or they may build upon
cach other as described below (i.e., step 3 imports the results from step 2, etc.).

[0140] Step 1: A selected complicating feature of the problem is simplified to yield a model that
is easier to optimize (to solve), and this model is solved. Preferable, the solution yields an
approximate solution to the original model, and upper (lower) bound target for the maximize
(minimize) net margin (cost) objective function. One such simplified version of the model is a
version in which the demand location inventory constraints are ignored. (Note that, in certain
other embodiments, other assumptions may be made or other constraints may be removed such
that the overall model is simplified.) Because this can be a much simpler model, it can be solved
(using a general purpose mixed integer linear program solver with either default or custom solver
settings) in much less time than the original, “full” model. Also, because the results of this
model need not satisfy the inventory limits, the objective function value becomes an overly
optimistic result and provides an upper limit (or high target) for the objective function value of
the full model. In other words, the results of this simplified model may represent a “best case”
scenario. The solution from this step also includes a set of selected vehicle/voyage pairs (a
subset of vehicle/voyages assignments from within the set FEAS SV, for example). For
convenience, the objective function value obtained in step 1 will be referred to as OBJ_1.

[0141] Step 2: In step 2, the original model (with inventory limits) is solved, but the feasible set
of voyages is reduced (e.g., temporarily restricted) to be a subset of the full set FEAS SV. The
reduced set (RED FEAS SV) can be defined to include only the optimal voyages derived from
step 1 (for example, let RED FEAS SV(v, voy) = FEAS SV(v, voy) for each voyage that was
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selected in the solution to Step 1). This greatly reduces the problem in terms of size but accounts
for complicating factor that was simplified (or ignored) in step 1 (for example, the demand port
inventory constraints). This problem may be solved directly with a general purpose mixed
integer linear programming solver using either default or custom solver settings. Because this
problem does not include the full set of feasible vehicle/voyage options, the solution obtained
here may not be the optimal solution to the original problem. However, this solution still
provides a feasible transportation scheme because it satisfies all the constraints of the original
model. The objective function value provides a lower bound on the objective function value for
the original problem (i.e., it may be possible to obtain a more optimal solution when the full set
of feasible vehicle/voyage options are considered). This step is referred to as a “Construction
Heuristic” because it constructs a feasible solution to the original problem. It may in fact be the
optimal solution to the original problem, but this is not guaranteed. Let OBJ_2 be the objective
function value obtained in step 2, and let DeltaOBJ_1-2 be the difference between the objective
function values from step 1 and step 2 (i.e., DeltaOBJ 1-2 = OBJ 1 - OBJ_2). If
ABS(DeltaOBJ _1-2) (where ABS( ) denotes the absolute value) is acceptably small, then an
acceptable solution to the problem has been found. In this case, the method may skip to step 6.
[0142] Step 3: The original FEAS SV array is restored as the full set of feasible options. The
solution from step 2 is provided as a starting point (or initial solution) for the solution procedure
in step 3. This problem is solved using a general purpose mixed integer linear programming
solver. This may be achieved by using a particular method in CPLEX called Solution Polishing
for a specified period of time. Alternatively, the problem may be solved using the default
method in CPLEX for a specified period of time. The result from step 3 is potentially an
improvement over the solution of step 2 (however it is guaranteed to be no worse than the
solution to step 2). Accordingly, this step is referred to as an Improvement Heuristic step.
Depending on the time limit provided and the degree of difficulty in the mixed integer linear
programming model, the solver may converge to a proven optimal solution before reaching the
time limit. If so, step 4 is not required. Let OBJ_3 be the objective function value obtained in
step 3, and DeltaOBJ 1-3 is difference between the objective function values from step 1 and
step 3 (i.e., DeltaOBJ 1-3 = OBJ 1 - OBJ_3). If ABS(DeltaOBJ_1-3) is acceptably small, then
an acceptable solution to the problem has been found. In this case, the method may skip to step

6.
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Voyage 55 Voyage_ 71 Voyage_ 155 Step 4 Voyage_15 Voyage 55 Voyage 71
Voyage 155 [0148] 4.4.8. Additional Features of the Method [0149]1In
certain enbodinents the nethod may conprise additional features. For

exanpl e, ﬂ#ﬂ gry al low for certain user-defined cppstéRidsS200"

restrlctlons ese user-deflned constraints include, but are not Timted
to, rules that limt the allowable supply |ocation sequences, rules that

i npose a maxi num nunber of supply and/or demand ports in a given voyage,
and limts on the total nunber of tines that each |oad | ocation may be

vi 014381 on abiyp i vansaheicacseacsr reductiondieunisticrie appligdi nfopexsgirdan the following

condition may be applied: no more than a user-specified number of the voyages (e.g., two) used
in the solution from step 3 may be changed. This is a heuristic approach in that it is assumes that
some portion of the solution from step 3 is optimal and that the solver must keep these decisions
fixed and only allowed change to a subset of the voyage decisions. This is achieved by adding a
constraint which limits the number of vehicle/voyage pairs that can be changed from a value
equal to zero to a value equal to one (i.e., the associated binary variable for the selection of a
voyage and associated vehicle assignment) in the mixed integer linear programming model. The
added constraint of this step makes it is more probable that a mixed integer linear programming
solver will converge to a proven optimal solution within an acceptable amount of time. Let
OBJ 4 be the objective function value obtained in step 4, and DeltaOBJ _1-4 is difference
between the objective function values from step 1 and step 4 (i.e., DeltaOBJ_1-4 = OBJ_1 -
OBIJ 4). If ABS(DeltaOBJ 1-4) is acceptably small, then an acceptable solution to the problem
has been found. In this case, the method may skip to step 6. If the allowed time limit for step 4

has been exceeded, skip to step 6. Otherwise, calculate DeltaOBJ_4-3 as the difference between

the objective function values from step 4 and step 3 (i.e., DeltaOBJ_4-3 = OBJ 4 -
OBJ_3).
[0144] Step 5: This is an optional step which can be taken (multiple times) if the result from step

4 is indeed an improvement over the result from step 3.  If DeltaOBJ_4-3 is greater than a
specified amount, then the solution-space reduction is updated to reflect the current best solution
obtained in step 4, and steps 4 and 5 are repeated until the time limit is reached, or when the
difference between objective function values from successive solutions of step 4 is less than the
specified amount.

[0145] Step 6: Given an optimal or near-optimal solution, the mathematical model solution is
translated into a supply nomination program and corresponding loading and discharging
schedule, which becomes the recommended actions to be taken. The output (i.e. results of the
objective function) from any of steps 1 — 5 (but preferably the output from steps 2 — 5) may be
selected by a user as an optimized transportation scheme. Thus, for example, if a user
determines that the output from step 3 is acceptable, the user may stop the custom method at that

point and use the results from step 3 as the transportation scheme.
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[0150] Additionally, in certain enbodi nents where portions of the nmethod are
executed using a conputer application, the application may contain
val i dati on checks throughout. These validation checks allow a user to view
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mar i ne et a0 (@B 3pnThis Ine\dwlalula@s compared to the value for total net margin in step 1, and
if the absolute value of this difference is sufficiently small, the method terminates and no further
models are run. However, if the difference is not sufficiently small, the model proceeds to step
4. In this step a solution-space heuristic is applied to the model, and this new model is solved
once again. The solution yields a fourth total net margin (OBJ_4), which is compared to the
third total net margin (OBJ_3) or the first total net margin (OBJ 1 . If the difference between
these values is small, then the method terminates and no further models are solved. However, if
the difference is not sufficiently small, step 4 may be repeated as necessary. In this example,
there is no difference between the fourth total net margin and the third total net margin. Thus,
the fourth step did not help to reach an improved solution. But, the optimizer was successful in
converging the model of step 4 in a reasonable period of time. In this case, the method may

terminate, and the solutions to step 4 may be used as the solution for the problem

Table 1

Step Value of Obj. Function Difference Used Difference Value
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that uses the nmethod previously described to optim ze various
transportati on decisions and nechanically transport cargo in accordance
with the set of optimzed transportation decisions. In one enbodi nent, a
col l ecting of the method conprises inputting gag{ok i ng
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[0150] Additionally, in certain embodiments where portions of the method are executed using a

<2

computer application, the application may contain validation checks throughout. These
validation checks allow a user to view and approve certain output of the application at various
points in the process. The user may also have the option to cancel or break the process at certain

points if the output seems unreasonable or impractical or is otherwise unacceptable. The user
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0154] 475~ A Work Process Using the Model

[0155] One embodiment of the invention is a work process for marine transportation scheduling

t he

that uses the method previously described to optimize various transportation decisions and
mechanically transport cargo in accordance with the set of optimized transportation decisions. In
one embodiment, a collecting data step of the method comprises inputting and/or modeling
options into a database system. The database system is integral to, or interfaces with, the
modeling application for marine transportation scheduling. In this embodiment, another step is
to run the application to solve the mathematical model after the data and/or modeling options are
input using an optimization problem solver to obtain a set of optimized transportation decisions.

In certain embodiments, an additional (optional) step may be to repeat the preceding steps one or
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vehicle fleet may differ in economc costs (e.g., contract terns). For
exanple, the fleet may conprise any conbination of termvehicles, owned
vehi cl es, spot vehicles, etc. Preferably, the fleet conprises both term

vehi cl es argl, sk RN cl es. In one preferred embodi ment PCF/%E!MM&Q%OS' ein
the fleet, regardless of the econom c basis of its contract, 1s classified

as either a termvehicle or spot vehicle. [0164] 4.7Illustrative Exanple
[0165] Generally, a method in accordance with certain enbodi nents of the
present invention is carried out in accordance with the steps in FIG 3.
[ 0166] Amesh timicaivitndifisxeappie ofd/asnenetpriwsliterehtaino Pne opetdie dilicmatie satdlafice
with th ' ion.wll no . ] .. BLIS in.s

i nput ngftg{u ?25_32% %pgké?ﬁebgl géhl”ll S n%u%gngglt %gﬁ%%ﬁlgrggaangﬁhggf gtg%gylmn%%&r?g?cg% or
const r atratspord esrgo irbado@hmeayith the bptthhingl deocatanepormpecddcistorisnf or mat i on,

suppl.y. avail abi lity,.denmand requirenents, and vehicle availability. Next,
P8} 550575% trlibionat patre b e G R ile g Breap PEG S X R HBRE el
nmodel ( pitRiar aluhpdons xed diﬁﬁrﬁﬁ%si%'nﬁﬁarcoﬂ@ﬂlﬁsamg. N@ravogelnodePto bddign Hoi nt,
in step S303, a data validity check may be conducted (either_ by the user or
by a coB¥ER PSSEp! f GO 280 2Wh 8BIZE bk reShe ThgoRligEes 'sfsthprels
proper | ¥,ppbfaheBofE WE hat i RiharfIAL arN8% BRSHIREMT HRd apﬁcaﬁﬁa%erm thd I Or
has not occurred. If this validity check gasses, “then the nethod proceeds
to the ewdemations ferantypicalf rrakleiin apgrosimaia)s 30 n Streipusgoannipg on e voiversked ai | s,
however E 0 step S305, where a user may revise input
dat a or3%ft{Eglrl£I§C%% tgﬁpﬁﬁgﬁgiﬁer the revision in step S305, the new i nput
dat®57k t henT¥pechllynthe stuppdy moaelati¢n plenping kgclenst moathlyetndraossitias stoap-n83@P) .
Once the data validity check .is. passe t he net hod ocee t tep S304.
ror o, |t RetRedgiat | o eufasy SelifnB ERRER bt PEuPoLe S GFRIRD foehethent
Fgasi bl @VBitlE helVoyagentyeid toh@lalé. Eﬂ&lgitbé gc\dlﬁ&ml fe&oma%ftd&ﬂg ﬁ’eigagcdiss fikel bed
above. In step 06, the mathemati cal node preferably a m xed.integer

i near wtmﬁamﬁﬁgh%ﬁ _Eﬂy sbel AsteAnet el ﬁ%rﬂ%\df ey ohriee {rECPITRng YER: ¢ i s
step, i decx@inkaird nRADAHE BBt fRQLdMIY NRsQPHE G MBreht! BRIl ShBRHeridi8s and
constraints may be forned. In step S307, the nodel is solved (using, for
exanpl econgidpratiens. i nt eger |inear programm ng solver with either default or
cu sol ve Ll i e - 1 i n

ot TA05. A (BFHNIHE baglglf IRk pfer NeBollBRC et HRELARER P d be
r e- r un fresenamyentmasens fdlows e Xant the, optimizagion modelsshin eiothe etartunf thhbusimede| i f
the results (&..€, a.set of .optim.zed,.transportation,decisiq@ns)..are t
acoept AP ot Rl SmenPE e PRRe nhy SRP B Bl e R I HRRIIELE LAY e
nodel isolhnicd@) obined Pparid: tdemelkhddt Rtiofis woalid aded tb mptiinatkah augply tsbiedulesul t s

of the optim zation, or to otherw se conpare varipus .

2010/ 17GATEPCTPRASED TR 3%6ePr aadpx Souniqr YAFIuH PEFIARP S e cigminatid, ol

met hod, prbfiem, bV@tud8 R arr@yg AtQVEchBrHed HpYs RERRL sndOdorfefiRniRgebad( GldaiiAS

i nput paraneters and other constraints) 'in step. S305 to arrjve at a revised
mat henekhial thergaegess i apreatsdoss addigoml nappiyhapmpationspaigt eenfigied, andéheyser
no | ongefinitd 388 SnddRl FbptREdLd ingnali-Reehside nf 06533;’% atpergety of
optimz d1 trans'po_rtat%lgbnﬁ%ecsi Shi ons1r has eérrll_ Ic)il‘eaglgr mQCne CAft ér‘ lﬁavﬁl nge run
t he nodebplymemonations eret ¢amfismed, head Ube tragypbeeion progem afd vsdl msgganents to
transpaortation decisi.qons f.rom,the one o re results: and. uses thi.s

ol ut | SRR R P parPa S oS e TRl SR D R e Bl Ryec

t r anspdodatidn (rpugdata prajected inftenl uesselyslevdlyprodessingtagasclocation andioesegeeghiiciat i on

t hereof) according to this sche in ste 309. [0167]In certain

enbod MEHEETeon g 016 ORI RO R HPRg ST da TSGR g RHEF & Wrato
sol ved,cof@R t0bptihee MRARLEnidM / REngbititRhenégre@nst rai nts, input data, or
other restrictions. A user nmay conpare each of the solutions obtained for

ed@FB-8 he Sy PREAIPENGHENISER#RR on an optimal transportation scheme based
0 r[OMU] S COMAhbei the Tﬁ%nﬁb??ﬁas oy S&LAS iRk c%tltegihff rﬁ&kﬂéttfaﬂ r@fior? which
conmbi nation of a portion of two or nore of the solutions. e cargo would
t hen bes theghefpireshérhiodimensivdr ¢qelly apricelde demise imihetpptingzagieh of ergdmode of
transportation schene. [0168] 5.0CLOSI NG
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[0169] Whi | e vari ous enbodi nents have been described, other enbodinents are
pl ausible. It should be understood that the foregoing descriptions of
vari ous exanples of a nmethod of transporting cargo through an optim zed

transportaty)on, schene are not intended to be limting, gagd.any,symer of
nodi fications, conbi'nations, and alternatives of the exanplesS may be

enployed to facilitate the effectiveness of optimzing a transportation
schenme. [0170] The exanpl es described herein are nerely illustrative, as
numer ous ot her enbodi nents nmay be inplenmented without departing fromthe
spirit esrdo Snopmeriefion. he/igxadiypilhof thentsechimgsndescrdfed t dbevep matbersspach tee marion.
Mor eove Ll.e certaln features of the.invention.my.hbe,sh on. onl
certainﬂgﬁﬁgg%ﬁ%ngé %%ﬁgoﬁﬁpgﬁra.i%ﬁég SFW%Eea$%§$ﬁg§sﬁ%a$éb§&%§% 5%98%,
added, amtkpoesivvadider o ding thet st t- hegavdedsafsvierteo dienfet 3s drcollection of

configurations, while remajni Lthin the scope of the ipvention. Likew se,
7ot hods "BESCTIhb e i QR d Oy ea I EBPaBa e 1 B il orn R drichiEs S8 Bences.
Wi th sosmpRfedivith @hy thabidhtionl SFRehss trERAS, PehAgvRedS, oF BREr Fiimd offinfdbRdngdl
order than described while still remaining wthin the spirit and scope of

the preY®HPOIHPEntion. We claim 1.A nethod for transporting bul k
PRIROAL S, CEFIALAOR kRS O OO ey
demand tredkatd sm8ar to optimizing a marir(efjanéontaercprobigmp|ly bbidbgeetilens, thervcbicteatn on
o)t gl i, BV 8L hanshononi L, MLkl BPPLORL Syt o
and bul i tetfleei mhy begiufferenterhbser types (e.g., term or §pbt carfulldewnhed)i calso,oin th a
Lot oLt hEe L M SRR S Bt RASEA B RS EURB i
avai | abirhinlnys of 0&ke vAfh CRRAGH-§ptciBic @AE MraMRhi aligstrative physical restrictions that
might limit the physical ability for any given truck in the fleet to perform a voyage include any
applicable federal, state and county regulatory limitations on truck weight (as measured at
mandatory weight stations), truck size, and number of trailers. Illustrative temporal restrictions
that might limit the ability for any given truck in the fleet to perform a voyage would include the
location and time of first availability in view of voyage start time and relevant maximum
highway speeds. Port restrictions in the marine transportation problem can be replaced in a land
transportation problem with state operator licenses.

[0162] Similar examples exist in the airline and railway industries. Accordingly, a more general
embodiment of the invention may be a method for the optimization of transportation scheduling
that calculates the optimal solution to maximize total net margin for the assignment of vehicles
in an available fleet of transportation vehicles to perform a set of voyages to be initiated during a
planning period for transporting cargo comprising various types of products. Preferably, the
total net margin is derived from the individual net margins for each vehicle/voyage assignment
and, more preferably, the total net margin is the sum of the individual net margins for each
vehicle/voyage assignment.  Again, cach individual net margin for a transportation
vehicle/voyage assignment is derived from the market value for the voyage using a notional
vehicle and a predicted incurred cost for the voyage using the assigned vehicle.

[0163] In these additional applications, the vehicle fleet can be heterogeneous. For example,

each vehicle in the fleet can differ in size, shape, cargo carrying capacity, etc. In addition, the
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(e) for each type of bulk material, information relating to the economc
val ue of the type of bulk nmaterial according to its potential dispositions

at each denmand | ocati on; (f) information relating to the cost
of transpogtd f9o/1Rg0bul k material S; (1) formulatppg gﬁogqp{k%gatl cal
nodel using a conputer system mhereln t he mat hemati cal nng conprising an

obj ective function based upon net profit margin and a plurality of
constraints; wherein the objective function includes decision

vari abl es relatlng to supply nom nation paranmeters, allocation of the
suppl y wPhide ket diffr 4n wedmomic pestuloineoniractdermshe Far sameple.obadlicen®ay and

voyages oy, {H&ny %!é'x‘lnﬁﬁrn%ﬁonb@ﬂ \é‘ﬁx‘?@etﬁ %%%BQ& ¥eﬂ189&ats% n«%hlgf%ﬁ' etté‘e the

| ocat i ons; a ing t mat hemat 1 c ata fromthe
data seflea compprisbbthrisntedhiudsane dpolsnekmglesiahla)nie rpoafmtédeand&)kianmteach vehicle (1V)
obtalnln utions.to th del . bas n,the
Gect st o baAFetfoedalsf e bosmamia Pl T SAERT &l SRy (RS R e b i
systenlmw@erﬁm&kobtalnlng one or nore solutions includes optim zing the
betL¥$ %ictlon sing a mat henmatical optim zation sol ver based upon the
18#lbh7 variiypfabiye kegr®lhe plurality of constraints, wherein obt ai ni ng one

or [0T85E SOl UtéRRglyl AededdRSn Gbdor@at&ivith RErtAn LinbSdinsotk WF kRprBdnt RMENIORGs One
or nore groups of "constraints of the mathematical nodel and (ii) obtaining

a secondriges ant inrecprdancsiwittnge stepuBpiebl-em of the mathematical rnodel in
base i t he
mi{ hgnlat A nglg-él?'lﬁgn é){lﬁfple's&} el Abod ARGt BF a gﬁﬁfédql‘? %&C%&‘(Qllﬁcé/ R¥ith aid %53; sef

i cal constant or are disregard
sel ect imgermne vSkblnuWib@rdesoalhdd First in stelSP0 by dath i%cotlrcam pUis inprgt dataembul K
mat er i ba Upon t he sel d, on ut| t.] nodel .
2 The rerRoncorrari o GRER o BBA2e BubRe IR R AT EB R |
nom nat Supplypﬁl’aﬂmlﬁh@[ glemacd vdgirdaaitsi ad v/emrdleala{mmbﬂlqr Neazt, tlym@ 8302 uhe
mat eri al t he vol u at ed, and

he  sc s T Aed RGO EREb f THEEBAISH ShodfT (e ShiA i ARPinEiess The

met hod (@bg @Jnmlﬁ%]ﬂqodmeAeﬂhrs o, il &b S0 avRtd allies cHeek atal b@ cbRubRe (cither
aIIocatlon of the su of bulk materials include decision varlables for

the di Sonhegerepby ﬁﬁgmﬁvtelt appliention) ewears dretthginmsheda bs ipparteferfapmly, that

locati ofaSerycial input data has been omitted, or that some error has not occurred. If this validity check
passes, then the method proceeds to the construction of feasibility arrays in step S304. If the
check fails, however, the method proceeds to step S305, where a user may revise input data or
other constraints. After the revision in step S305, the new input data is then fed into the model
(i.e., the method returns to step S302). Once the data validity check is passed, the method
proceeds to step S304. Here, the feasibility arrays are constructed, such as arrays FEAS SV,
FeasibleVehicleVoyagelEvent, and FeasibleVehicleVoyagedEvent as described above. In step
S306, the mathematical model (preferably a mixed integer linear programming model) is
constructed using the collected data. In this step, in certain embodiments, both the objective
functions and the constraints may be formed. In step S307, the model is solved (using, for
example, a mixed integer linear programming solver with either default or custom solver
settings). The results of this model are then observed in step S308. Also in step S308, a user
determines whether the model should be re-run for any reason. For example, a user may wish to
re-run the model if the results (i.e. a set of optimized transportation decisions) are not acceptable
or do not seem practical. Also, a user may wish to re-run the model in order to compare the

effects of various input data on the results of the optimization, or to otherwise compare various
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4. The nmethod of claim 1, wherein the decision variables relating to the
voyages by the vehicles include decision variables for the assignnent of
vehicles to the voyages and the sequence of supply and denand Iocation
visits, loadings, and discharges for each of the vehicles. t hod

me
of clai m 1V g‘?’?i%”t he information relating to the buI’I’(CWVQWOQ?ZOO

availability at the supply locations includes information relating to types
of bulk material avail able, volunes of bulk materials available, and
tenporal availability of bulk materials. 6. The method of claim1, wherein

t he i nf kgt 110 thenBbedisAg th @e-tliethb uiekhoﬁﬁiheﬂi thzlusereg iy feefse RhsSowstaspdees cfehand
| ocations includes information relating to denand | tion segregatjo

types ofofel Gushate iyt Saiepstersaprd § %6’&8@8“?6?3§Ec é@r@ﬁﬁ?lbﬁ”mVﬁggntory

capaci t ¥, @tme@dameear %@e’fsfs isafm — BS @8%%&? th@Q bé ?ép@ﬁecpﬁntﬁ A uss LBy RERrivAshes ko Pes
of bulk material requiréd, vol unes bul k material required 1ncluding

t ol er antwesaddiiegak wageds 4.2+ er @pcpe@tﬂbm @t Pb pptnmnkd ERPRTtafiondécisjans yhas peerhe
the 44 XL AnckRRES o BEnbBRRIRE LR, bRk oMo L TRl SReRE Yo
the vehiroispetatidn ddeesionst fiod e e@leabmuigre whertei mdt h@Sd‘émsa S@letlorf te tthen a
SR T R TR A
and f ueplagneisomkicombihtidrhiBeréef) acdodding to this scheme in step S309.

[0167] In certain embodiments, two or more mixed integer linear programming models are
solved, each of the models having different constraints, input data, or other restrictions. A user
may compare each of the solutions obtained for each of these models and decide on an optimal
transportation scheme based on this comparison. The user may select one of the solutions or a
combination of a portion of two or more of the solutions. The cargo would then be mechanically
transported in accordance with the selected trangportation scheme.

[0168] 5.0 CLOSING

[0169] While various embodiments have been described, other embodiments are plausible. It
should be understood that the foregoing descriptions of various examples of a method of
transporting cargo through an optimized transportation scheme are not intended to be limiting,
and any number of modifications, combinations, and alternatives of the examples may be
employed to facilitate the effectiveness of optimizing a transportation scheme.

[0170] The examples described herein are merely illustrative, as numerous other embodiments
may be implemented without departing from the spirit and scope of the exemplary embodiments
of the present invention. Moreover, while certain features of the invention may be shown on
only certain embodiments or configurations, these features may be exchanged, added, and
removed from and between the various embodiments or configurations while remaining within
the scope of the invention. Likewise, methods described and disclosed may also be performed in
various sequences, with some or all of the disclosed steps being performed in a different order

than described while still remaining within the spirit and scope of the present invention.
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vehi cl e costs; the categorization of supply |ocations and demand

| ocations into geographic regions; limts for each supply location and
dermand | ocation; fees or tariffs for each supply | ocation and demand

| ocation; voyage fees, tariffs, or tolls; freight costs; and | eg distances.
9. The nethod of claim8, wherein the data set further conprises one or
nore of th®&efadimowi ng i nformation relating to: spot costs and term costs;
draft limts, cargo limts, and berth [imts for each supply |ocation and
dermand | ocation; canal tolls; drop and pick or repackagi ng fees; and

pi peline costs. A d&hodlfoLtriRbbadg Bk GladdrMsleontfiRigt N t he constraints for the

mat hemat i cal nodel o
(I) receiving a data set comprising:

(a) an identification of a plurality of supply locations and a plurality of
demand locations;

(b) for each supply location, information relating to its physical
location and bulk material availability;

(c) for each demand location, information relating to its physical location
and bulk material requirements;

(d) an identification of a fleet of vehicles for transporting bulk materials
from the supply locations to the demand locations, and information relating to the
availability, cost, and capacity of each vehicle;

(e) for each type of bulk material, information relating to the economic
value of the type of bulk material according to its potential dispositions at each demand
location;

(f) information relating to the cost of transporting the bulk materials;

(II) formulating a mathematical model using a computer system, wherein the
mathematical model comprising an objective function based upon net profit margin and a
plurality of constraints;

wherein the objective function includes decision variables relating to supply
nomination parameters, allocation of the supply of bulk materials to the requirements at
the demand locations, and voyages by the vehicles between the supply locations and the
demand locations;

(IIT) populating the mathematical model with data from the data set or parameters
calculated using data from the data set;

(IV) obtaining one or more solutions to the mathematical model based upon the
decision variables and the plurality of constraints using the computer system, wherein
obtaining one or more solutions includes optimizing the objective function using a
mathematical optimization solver based upon the decision variables and the plurality of
constraints, wherein obtaining one or more solutions includes (i) obtaining a first solution
by removing one or more groups of constraints of the mathematical model and (ii)
obtaining a second solution by solving a subproblem of the mathematical model in which,
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i nclude constraints relating to processing limtations at the demand

| ocations. 11. The nethod of claim 10, wherein the constraints relating to
processing limtations include constraints for blending specifications or

bl end-down ratios. 12. The nethod of claim11l, wherein the constraints for
t he mat hematical nodel include the ratability of the supply nom nations.

13. The nebdsedonthedlrati solulion e foe inford Heisitat arigeies bfitht vad€Rmatifad hicatl 06

rel ating tﬁ %he cat egori.zati gn.of demand | ocations into geographic regions,
and wher ei Fel? RRISERLQS diyregardey  constraints for the mathematical nodel

i ncl ude requirepenictectifl aitd BLitoR; 4Hdni num or naxi num anmounts of cargo, wth
respect to each \?[eograp ic region, to be delivered by the vehicles or
retai ned at the(Ylegpbyfically granypeatinge theobullefmateriglynbased ipep ehey selagted one

mat hemat i cal (R4deheinSatienikfdaddat eger programm ng nodel . 15. The met hod of
claim 14, wherein the m xed-integer programm ng nodel is a m xed- integer

| i near programm ng nodel. 16. The nethod of claim1l, wherein the

constraints forthe t.he i ca del i,ncl,ude inventory.constraints and

o onll g Conorr TR SFle]. WRREln, RS bdSol IHERNEL Yol SRR° 0 Shiths

i gnori ng tieninatioanpadanyeteorisdiude diciiont eiableefich thg tgmen stfriaillntmterial tdobé h.
nominated, the volume of bulk materials to be nominated, and the schedule for loading

the bulk materials at the supply locations.

3. The method of claim 1, wherein the decision variables relating to the allocation of
the supply of bulk materials include decision variables for the discharge volumes of the

bulk materials at each of the demand locations.

4. The method of claim 1, wherein the decision variables relating to the voyages by
the vehicles include decision variables for the assignment of vehicles to the voyages and
the sequence of supply and demand location visits, loadings, and discharges for each of

the vehicles.

5. The method of claim 1, wherein the information relating to the bulk material
availability at the supply locations includes information relating to types of bulk material
available, volumes of bulk materials available, and temporal availability of bulk

materials.

6. The method of claim 1, wherein the information relating to the bulk material
requirements at the demand locations includes information relating to demand location
segregations, types of bulk materials that are acceptable for each segregation, inventory
capacity of each segregation, processing rates of each segregation, types of bulk material
required, volumes of bulk material required including tolerances, and temporal

requirements for bulk material delivery.

7. The method of claim 1, wherein the information relating to the availability of the
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17. The method of claim1l, wherein obtaining the one or nore solutions to
the mat hematical nodel further conprises the steps of: obtaining a
third solution by a |ocal search heuristic using the second solution as an
initial feasible solution; and obtaining a fourth solution by reducing the
sol ution space for the mathematical nodel. 18. The nethod of claim 17,
wher ei n t heetsgenineludothel teangordl availabidityed physidal tevasdd efahd whidkguri stic, the
third solution is obtained by an inprovenent heuristic, and the fourth
solution is obtained by a solution space reduction. 19. The nethod of

claim1, wRereifhd AGthbil bBLIamPl WWALAn iR B $PRBhePIMPiséUnetRenRbbLGET Ve
function val ue and the second solution is a | ower bound for the objective

functi on vHlllgwing ipQrmatipa rehetini@: of claim 1, wherein the first sol ution
i ncl ud det e[ 7 Datdon;: in th
Includes a detefaynatl@Ry éagﬂr%%hf@/% RapRh, c%ina}{ﬁ?’og?h&g?, ctﬁ%y%?re' n the

second solution Is obtaine y SO ng a subpro t’hemati ca
model in which sheed sidnehcansuaiyitios of ke athiplgs;t o t he non-sel ected voyages are
di sregar ded. 2‘;61&160905 Sl;Jt er apparatus conpri sing:

the categorization of supply locations and demand locations into geographic

regions;

limits for each supply location and demand location;

fees or tariffs for each supply location and demand location;

voyage fees, tariffs, or tolls;

freight costs; and leg distances.

9. The method of claim 8, wherein the data set further comprises one or more of the
following information relating to:

spot costs and term costs;

draft limits, cargo limits, and berth limits for each supply location and demand
location;

canal tolls;

drop and pick or repackaging fees; and pipeline costs.

10. The method of claim 1, wherein the constraints for the mathematical model

include constraints relating to processing limitations at the demand locations.

1. The method of claim 10, wherein the constraints relating to processing limitations

include constraints for blending specifications or blend-down ratios.

12. The method of claim 1, wherein the constraints for the mathematical model

include the ratability of the supply nominations.

13. The method of claim 1, wherein the data set includes information relating to the

categorization of demand locations into geographic regions, and wherein the plurality of
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(I') a nenory device storing a data file containing: (a) an
identification of a plurality of supply locations and a plurality of demand
| ocati ons; (b) for each supply location, information relating
to its physical location and bulk material availability; (c)
for each demand | ocation, information relating to its physical |ocation and
bul k mat er ta@istréiag Ubr ef¥enhadhematical model includedjeqaifematenieldting abd invininafm arf | eet

of vehicles for transpoir%én byl k materials fromthe suppl cat'gns to
9 SHifee e gishysre |

the demand™PHEET BRI G SYHEETRSAL oePgh BIRgraPBIC IR&IOB /] Vi'"ty Y cost,
and capaci {h¥ vehicle@6i e il @l @e region. (e) for each type of bulk
material, information relating to the economc value of the type of bulk

material according to its potential distribution at each denmand | ocati on;

(f) informpfi O”Tﬁcﬁlrx]%iﬂo'agoft Qainlq, %@%t)elirgfﬂbe; Ett% RAfidal odengs BUbKeBtElekal S;

(I'l') a nodeling application executa e conputer apparatus to
popul at e apnatahenseg ined¢l. nodel that conprises an objective function for net
profit margin and a plurality of constraints; wherein the objective

function includes decision variables relating to supply nom nation

par anet er s15.al | Dleatiethiod aff didim $4)pphereinfthd ulikedrimtegen plogratmmih@enadeis 4 enent s
at the demanddl.ocati ons, and vo%/}(ﬁge?lby t he vehicl es between the supply

| ocati ons BRI AECHd AP PERBMIETodel. (111) a solver operable by the
conput er apparatus to obtain one or nore solutions to the nathemati cal

nodel , wherein the solver obtains one or nore solutions by optim zing the
obj ective FunctTinmstied Piugem havhgest deosrnsisintpior shey Agthepstisal ypedel ty of

constrai nti§eluwﬁ{v@ﬁt9rfyt QRsBRhtY Bhd blchdABIBhAR IS, fahdl SheRM el RS RYutloBTHVI NG
one or nore groups of constraints of The mathenmatical nodel and (ii)

obt ai ns a “heeddyssharingdhe byersealy ¢priratntss thsMladingreoastrainie ordthermat i cal nodel
in which, based on the first solution, one or nore decision variables of
the mat hemati cal nodel are held constant or are disregarded. 22. The

conput er apar afhesmethod | odi ¢haiil |, fvherelmepbtainimgr thsiang @ wbspdytidnerto dhepl ayi ng

an out put nqgtﬁgnqatl%gl r%ofe?%uu hiero Qorrtlp?isgsht%e Q%E)sh(%l:ﬁm tical model.
obtaining a third solution by a local search heuristic using the second solution as
an initial feasible solution; and
obtaining a fourth solution by reducing the solution space for the mathematical

model.

18. The method of claim 17, wherein the second solution is obtained by a
construction heuristic, the third solution is obtained by an improvement heuristic, and the

fourth solution is obtained by a solution space reduction.

19. The method of claim 1, wherein the first solution is an upper bound for the
objective function value and the second solution is a lower bound for the objective

function value.

20. The method of claim 1, wherein the first solution includes a determination of a
selected set of voyages, and wherein the second solution is obtained by solving a
subproblem of the mathematical model in which decision variables relating to the non-

selected voyages are disregarded.
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23. A non-transitory conputer-readabl e storage nmedi um contai ni ng a program
of instructions executable by a conputer to perform nmethod steps for
determ ning the transportation of bulk materials, the nethod steps
conprising: (l) reading a data file conpri sing: (a) an
identification of a plurality of supply locations and a plurality of demand
| ocati ons; 21. A computer affajatdsarompasingsuppl y | ocation, information rel ating

to it hysi cal ti d . K terial availability; C
fgrI eZcE ézlrr;ﬁda# %ggﬁr’}‘%g,dg‘fn‘ﬁ‘? 53%%"%#‘%%%8?@%1& oits %hysi cal |ocati OI(’I ;nd

bul k material requir giyefidentification of a plurality df@hppildcai@stk bhd & plukoity of a fl eet
of vehicles for transporting bulk materials fromthe supply locations to

the demandd§ngtlPBHENS; and i nformation relating to the availability, cost,

and capacity of eachwyaBi &g supply location, informafiéh refafihg RARHHyYEQ of bulk
material, information'relating to the economc value of the type of bul k

mat eri al alvediodiand buls materiabavaelabilint di stributi on at each demand | ocati on;
(f) information rel ati ] i J rjals;
(I'l) using the data M Irtgr %aghtggl%ﬁrfa %atg)hrrléf ?@%@ﬁ}g%ﬂg‘%&c}% &tjyhlg%ﬂg%a?rlﬁlr’i ses an
obj ecti ve dndrioik matefidnrequetempntsf it margin and a plurality of constraints;

therein e oblecti v TGk AL RS P B AR RS 1
the requi resmnhs sapply Necaemns thodahb@nsocatstd, Yoy agofmdiiont Reéativig b cthe's
bet ween heg/aﬁ!a"mlll)tly}/cds‘g gr?c} éa%gcsityaor}%acthh\%hg er;mnd ocati ons;

(e) for each type of bulk material, information relating to the economic
value of the type of bulk material according to its potential distribution at each demand
focation;

(f) information relating to the cost of transporting the bulk materials;

(Il) a modeling application executable by the computer apparatus to populate a
mathematical model that comprises an objective function for net profit margin and a
plurality of constraints;

wherein the objective function includes decision variables relating to supply
nomination parameters, allocation of the supply of bulk materials to the requirements at
the demand locations, and voyages by the vehicles between the supply locations and the
demand locations;

(III) a solver operable by the computer apparatus to obtain one or more solutions
to the mathematical model, wherein the solver obtains one or more solutions by
optimizing the objective function based upon the decision variables and the plurality of
constraints, wherein the solver (i) obtains a first solution by removing one or more groups
of constraints of the mathematical model and (ii) obtains a second solution by solving a

subproblem of the mathematical model in which, based on the first solution, one or more

decision variables of the mathematical model are held constant or are disregarded.

22. The computer apparatus of claim 21, further comprising a display for displaying

an output based on a solution to the mathematical model.
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(I'1'1) obtaining one or nore solutions to the mathenati cal nodel based upon
the decision variables and the plurality of constraints using the conputer,
wherei n obtai ning one or nore solutions includes optim zing the objective
function using the conputer based upon the decision variables and the
plurality of constraints, wherein obtaining one or nore solutions includes
(i) obtai nehg aAf herstrarsbryt ¢odipubdy-reéaainily | sigag@nMedinmnosreaiging up progfam of

constraints of the math ical nodel and_.(ii bt al ni second sol ution
oo ol mamSEBRT ST by FocapAeE e P BB ot AeCEERRE BR 1 he

first sol utriRPort£8idR oPbulkBlarRBCHhS nfthodatfeha@sistfy: t he mat hematical node
are held constant or_are disregarded. 24.The conputer-readabl e storage

medi um of cl ai Mip3cadigerdeiafile Rempititsd steps further conprise creating an
output based on a SO&aWah%EnEiﬁcétf&ﬁ O@Efﬁm btcs%laplw&%{ions and a plurality of

demand locations;

(b) for each supply location, information relating to its physical
location and bulk material availability;

(c) for each demand location, information relating to its physical location
and bulk material requirements;

(d) an identification of a fleet of vehicles for transporting bulk materials
from the supply locations to the demand locations, and information relating to the
availability, cost, and capacity of each vehicle;

(e) for each type of bulk material, information relating to the economic
value of the type of bulk material according to its potential distribution at each demand
location;

(f) information relating to the cost of transporting the bulk materials;

(II) using the data file to populate a mathematical model that comprises an
objective function for net profit margin and a plurality of constraints;

wherein the objective function includes decision variables relating to supply
nomination parameters, allocation of the supply of bulk materials to the requirements at
the demand locations, and voyages by the vehicles between the supply locations and the
demand locations;

(II) obtaining one or more solutions to the mathematical model based upon the
decision variables and the plurality of constraints using the computer, wherein obtaining
one or more solutions includes optimizing the objective function using the computer
based upon the decision variables and the plurality of constraints, wherein obtaining one
or more solutions includes (i) obtaining a first solution by removing one or more groups
of constraints of the mathematical model and (ii) obtaining a second solution by solving a
subproblem of the mathematical model in which, based on the first solution, one or more

decision variables of the mathematical model are held constant or are disregarded.
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24, The computer-readable storage medium of claim 23, wherein the method steps

further comprise creating an output based on a solution to the mathematical model.
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